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R
esidents located near waste man-   
agement units want to understand 
the management activities taking 
place in their neighborhoods. 
They want to know that waste is

being managed safely, without danger to pub-
lic health or the environment. Create opportu-
nities for dialogue between industries, states,
and concerned citizens before decisions are
made. Partnership efforts also need to be
ongoing in order to be successful.

I. Benefits of 
Building 
Partnerships

Building partnerships in the decision-mak-
ing process provides a number of benefits:

■■ Enhanced understanding of waste man-
agement activities at an industrial facility;

■■ Enhanced understanding of industry, 
state, and community concerns;

■■ Greater support of industry and state 
policies;

■■ Reduced delays and costs associated with 
opposition and litigation; and

■■ A positive image and relationship.

II. Principles of 
Building 
Partnerships

Regardless of the size or type of an indus-
try waste unit, industries, states, and local
communities can all follow similar principles
of building partnerships. These principles are
based on various state public involvement
guidance documents, various EPA publica-
tions, and state requirements for waste facili-
ties. These principles embody sound business
practices and common sense, and may go
beyond state requirements that call for public
participation during the issuance of a permit.
This guidance document recommends princi-
ples that can be adopted throughout the oper-
ating life of facilities, not just during the per-
mitting process. Following these principles

Building Partnerships

Build a partnership through an active involvement program
designed to build trust and credibility between a company that
generates and manages waste, the community within which the
company lives and works, and the state agency that regulates
the industry.

This chapter will help address the 
following questions:

• What are the benefits of building 
partnerships?

• What building partnership methods
have been successful?

• What is involved in preparing a 
meeting?
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will help all involved consider the full range
of activities possible to give partners an active
voice in the decision-making process, and in
so doing, will result in a positive working
relationship.

A. Develop a Partnership 
Involvement Plan

The key to effective involvement, like any
activity, is good planning.  Developing a plan
for how and when to involve all parties in the
decision-making process will help to make
involvement activities run smoothly and
achieve the best results. Developing an
involvement plan also helps identify concerns
and determine which involvement activities
best address those concerns.

The first step in developing an involve-
ment plan is to work with the state agency to
understand what involvement requirements
exist. (State contacts are provided in
Appendix I.) Existing state requirements deal-
ing with involvement plans must be followed.

After this step, it
will be important
to assess how
much interest
facility activities
will generate in
the community.
Several criteria
influence the
amount of public
interest, including
implications for
public health and

welfare, current relationships between the
facility and community members, and the
community's political and economic climate.
Even if facilities have not generated much
public interest in the past, involving the pub-
lic is a good idea. Interest in a facility can
increase suddenly when changes to existing

activities are proposed or when residents' atti-
tudes and a community's political or econom-
ic climate change over time.

To gauge public interest in a facility and to
identify the community's major concerns,
industries can conduct interviews with com-
munity members. They can first talk with
representatives from major community
groups, such as civic groups, religious organi-
zations, and business associations. If interest
in the facility seems high, industries can con-
sider conducting a more comprehensive set of
community interviews. Other individuals to
interview may include the facility's immediate
neighbors, representatives from other agen-
cies and environmental organizations, and
any individuals in the community who have
expressed interest in the facility.

Using the information gathered during the
interviews, industries can develop a list of the
major community concerns regarding the
facility. They can then begin to engage in
involvement activities necessary to address
those concerns. These activities form the
basis of a partnership involvement plan.

B. Inform the State and 
Public About New 
Facilities or Significant 
Changes in Facility 
Operating Plans

A facility's decision to change its opera-
tions provides a valuable opportunity for
involvement. Notifying the state and public of
new facilities and proposed changes gives
them the opportunity to identify applicable
state requirements and comment on matters
that apply to them.
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What are examples of effective
methods for notifying the public?

Table 1 presents examples of effective meth-
ods for public notification and associated
advantages and disadvantages. The method
used at a particular site, and within a particu-
lar community, will depend on the type of
information or issues that need to be commu-
nicated and addressed. Public notices usually

provide the name and address of the facility
owner and operator and a brief description of
the change being considered. After a public
notice is issued, industries can develop infor-
mative fact sheets to explain proposed changes
in more detail. Fact sheets and public notices
can include the name and telephone number
of a contact person who is available within the
industry to answer questions. 

MMeetthhooddss FFeeaattuurreess AAddvvaannttaaggeess DDiissaaddvvaannttaaggeess

BBrriieeffiinnggss Personal visit or phone call Provides background information. Requires time.
to key officials or group lead- Determines reactions before an issue
ers to announce a decision, "goes public." Alerts key people to 
provide background information, issues that may affect them.
or answer questions.

MMaaiilliinngg  ooff  kkeeyy  tteecchhnniiccaall Mailing technical studies or Provides full and detailed information Costs money to print and 
rreeppoorrttss  oorr  eennvviirroonnmmeennttaall  environmental reports to other to people who are most interested. mail. Some people might not 
ddooccuummeennttss agencies, leaders of organized Often increases the credibility of stu- read the reports.

groups, or other interested parties. dies because they are fully visible.

NNeewwss  ccoonnffeerreenncceess Brief presentation to reporters, Stimulates media interest in a story. Reporters will only come if 
followed by a question-and- Direct quotes often appear in the announcement or presen-
answer period, often accompa- television and radio. Might draw tation is newsworthy. Cannot 
nied by handouts of presenter's attention to an announcement or control how the story is pre-
comments. generate interest in public meetings. sented, although some direct 

quotes are likely.

NNeewwsslleetttteerrss Brief description of what is going Provides more information than can Requires staff time. Costs 
on, usually issued at key intervals be presented through the media to money to prepare, print and 
for all people who have shown those who are most interested. Often mail. Stories must be 
interest. used to provide information prior to objective and credible, or 

public meetings or key decision points.  people will react to the news-
Helps to maintain visibility during ex- letters as if they were propa-
tended technical studies. ganda.

NNeewwssppaappeerr  iinnsseerrttss Much like a newsletter, but dis- Reaches the entire community with Requires staff time to prepare
tributed as an insert in a news- important information. Is one of the the insert, and distribution
paper. few mechanisms for reaching everyone costs money. Must be prepared

in the community through which you to newspaper’s layout 
can tell the story your way. specification.

PPaaiidd  aaddvveerrttiisseemmeennttss Advertising space purchased in Effective for announcing meetings or Advertising space can be cost-
newspapers or on the radio or key decisions or as background materi- ly. Radio and television may 
television. al for future media stories. entail expensive production 

costs to prepare the ad.

NNeewwss  rreelleeaasseess A short announcement or news Might stimulate interest from the media. Might be ignored or not read.
story issued to the media to get Useful for announcing meetings-or Cannot control how the infor-
interest in media coverage of the omajor decisions or as background mation is used.
story. material for future media stories.

Table 1
Effective Methods for Public Notification
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What is involved in preparing a
meeting with industry, communi-
ty, and state representatives?

Meetings can be an effective means of giving
and receiving comments and addressing con-
cerns. To publicize a meeting, the date, time, and
location of the meeting should be placed in a
local newspaper and/or advertised on the radio.
To help ensure a successful dialogue, meetings
should be at times convenient for members of
the community, such as early in the evenings
during the week, or on weekends. An interpreter
may need to be obtained (hire or seek a volun-
teer) if the local community includes residents
whose primary language is not English. 

Prior to a meeting, an industry should devel-
op a waste management plan for the facility or
come to the meet-
ing prepared to
describe how the
industrial waste
from the facility will
be managed. A
waste management
plan provides a
starting point for
public comment
and input. Keep
data presentations
simple and provide
information relevant

U.S. EPA 1990. Sites for Our Solid Waste: A Guidebook for Effective Public Involvement.

MMeetthhooddss FFeeaattuurreess AAddvvaannttaaggeess DDiissaaddvvaannttaaggeess

PPrreesseennttaattiioonnss  ttoo  cciivviicc  Deliver presentations, enhanced Stimulates communication with key Few disadvantages except
aanndd  tteecchhnniiccaall  ggrroouuppss with slides or overheads, to key community groups. Can also provide some groups can be hostile.

community groups. in-depth responses.

PPrreessss  kkiittss A packet of information distribu- Stimulates media interest in the story. Few disadvantages except
ted to reporters. Provides background information that cannot control how the infor-

reporters can use for future stories. is used and might not be 
read.

AAddvviissoorryy  ggrroouuppss  aanndd  A group of representatives of key Promotes communication between Potential for controversy exists
ttaasskk  ffoorrcceess interested parties is established. key constituents. Anticipates public if “advisory” recommendations

May be a policy, technical, or citi- reaction to publications or decisions. are not followed. Requires 
zen advisory group. Provides a forum for reaching substantial commitment of 

consensus. staff time to provide support
to committees.

FFooccuuss  ggrroouuppss Small discussion groups Provides in-depth reaction to ideas or Gets reactions, but no know-
established to give "typical" reac- decisions. Good for predicting emo- ledge of how many people 
tions of the public. Conducted tional reactions. share those reactions. Might 
by a professional facilitator. be perceived as an effort to 
Several sessions may be conducted manipulate the public.
with different groups.

TTeelleepphhoonnee  lliinnee Widely advertised phone number Gives people a sense that they know Is only as effective as the per-
that handles questions or provides whom to call. Provides a one-step son answering the telephone.
centralized source of information. service of information. Can handle Can be expensive.

two-way communication.

MMeeeettiinnggss Less formal meetings for people to Highly legitimate form for the public Unless a small group discuss-
present positions, ask questions, to be heard on issues. Can be struc ion format is used, it permits
and so forth. tured to permit small group interac- only limited dialogue. Can 

tion—anyone can speak. get exaggerated positions or
grandstanding. Requires 
staff time to prepare for 
meetings.

Table 1
Effective Methods for Public Notification (cont.)
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to the audience. Public speakers should be
able to respond to general questions, as well as
technical questions. Also, industry should
review and be familiar with the concerns of
groups or citizens who have previously
expressed an interest in the facility. In addi-
tion, it is important to anticipate questions and
plan how best to respond to these questions at
a meeting. 

State representatives should also be pre-
pared to answer questions that are anticipated
at the meeting. State representatives should
be prepared to answer questions on specific
regulatory or compliance issues, as well as to
address how the industry has been working
in cooperation with the state agency. 

Questions often asked at a meeting 
include:

■■ What are the risks to me associated with 
the operations?

■■ Who should I contact at the facility if I 
have a question or concern?

■■ How will having the facility nearby bene-
fit the area?

■■ Will there be any noticeable day-to-day 
effects on the community?

■■ Which processes generate industrial 
waste, and what types of waste are 
generated?

■■ How will the waste streams be treated or 
managed? 

■■ What are the construction plans for any 
proposed containment facilities?

■■ What are the intended methods for moni-
toring and detecting emissions or poten-
tial releases?

■■ What are the plans to address accidental 
releases of chemicals or wastes at the site?

■■ What are the plans for financial assur-
ance, closure, and post-closure care?

■■ What are the applicable state regulations?

■■ How long will it take to issue the permit?

■■ How will the permit be issued?

■■ Who should I contact at the state agency 
if I have questions or concerns about the 
facility?

At the meeting, industry should invite
public and state comments on the proposed
change, and tell community members where,
and to whom they should send written com-
ments. Industry can choose to respond to
comments in several ways. For example, tele-
phone calls, additional fact sheets, or addi-
tional meetings can all be used to address
comments. Responding promptly to residents'
comments and concerns demonstrates an
honest attempt to address them. 

C. Make Knowledgeable 
and Responsible People 
Available for Sharing 
Information

Having an industry contact(s) available to
answer the public's questions and provide
information helps assure citizens that the
industry is actively listening to their con-
cerns. Having a state contact available to
address the public's concerns about the facili-
ty can also make sure that concerns are being
heard and addressed.

In addition to identifying a contact person,
industry and states should consider setting
up a telephone line, staffed by employees, for
citizens to call and obtain information
promptly about the facility. Opportunities for
face-to-face interaction between community
members and facility representatives include
onsite information offices, open houses,
workshops, or briefings. Information offices
function similarly to information repositories,
except that an employee is present to answer
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questions. Open
houses are infor-
mal meetings on-
site where resi-
dents can talk to
company officials
one-to-one.
Similarly, work-
shops and brief-
ings enable com-
munity mem-
bers, state offi-
cials, and indus-
try representa-

tives to interact, ask questions, and learn
about the activities at the facility. Web sites
may also serve as a useful tool for industry,
state, and community representatives to share
information and ask questions.

D. Provide Information 
About Facility 
Operations

Providing information about site opera-
tions is an invaluable way to help the public
understand waste management activities at a
site. Facility tours, maintaining a publicly
accessible information repository at the site,
developing exhibits to explain operations,
and distributing information through the
publications of established organizations are
examples that can serve to inform a commu-
nity. Appendix II describes some of the public
involvement activities that are being conduct-
ed by various companies around the country.

CCoonndduucctt  ffaacciilliittyy  ttoouurrss..  Scheduled facility
tours allow the community and state to visit
the facility and ask questions about how it
operates. By seeing a facility first-hand, resi-
dents learn how waste is managed and can
become more confident that it is being man-
aged safely.  Individual citizens, local officials,
interest groups, students, and the media

might want to take advantage of facility tours.
In planning tours, determine the maximum
number of people that can be taken through
the facility safely, and think of ways to
involve tour participants in what they are see-
ing, such as providing hands-on demonstra-
tions. It is also a good idea to have company
individuals available to answer technical
questions in an easy-to-understand manner.

MMaaiinnttaaiinn  aa  ppuubblliiccllyy  aacccceessssiibbllee  iinnffoorrmmaattiioonn
rreeppoossiittoorryy..  An information repository is simply
a collection of documents describing the facili-
ty and its activities. It can include background
information on the facility, the involvement
plan (if developed), permits to manage waste
on-site, fact sheets, and copies of relevant
guidance and regulations. The repository
should be in a convenient, publicly accessible
place. Repositories are often maintained on-
site in a public "reading room" or off-site at a
public library, town hall, or public health
office. Industry should publicize the existence,
location, and hours of the repository and
update the information regularly.

DDeevveelloopp  eexxhhiibbiittss  tthhaatt  eexxppllaaiinn  ffaacciilliittyy  ooppeerr--
aattiioonnss..  Exhibits are visual displays, such as
maps, charts, diagrams, or photographs,
accompanied by brief text. They provide
technical information in an easily under-
standable way and give an opportunity to
illustrate issues of concern creatively and
informatively. When developing exhibits,
identify the target audience, clarify which
issue or aspect of the facility's operations will
be the exhibit's focus, and determine where
the exhibit will be displayed. Public libraries,
convention halls, community events, and
shopping centers are all good, highly visible
locations for an exhibit.

UUssee  ppuubblliiccaattiioonnss  aanndd  mmaaiilliinngg  lliissttss  ooff  eessttaabb--
lliisshheedd  llooccaall  oorrggaanniizzaattiioonnss..  Existing groups
and publications often provide access to
established communication networks. Take
advantage of these networks to minimize the

pt1chap1.qxd  12/11/98 3:19 PM  Page 6



GGeettttiinngg  SSttaarrtteedd——Building Partnerships

1-7

time and expense required to develop mailing
lists and organize meetings. Civic or environ-
mental groups, rotary clubs, religious organi-
zations, and local trade associations might
have regular meetings, newsletters, newspa-
pers, or magazines, as well as mailing lists,
that could be useful in reaching interested
members of the community.

III. Understanding 
Risk Assessment

Environmental risk communication skills
are critical to successful partnerships between
industry, the public, and other stakeholders.
As more environmental management deci-
sions are made on the basis of risk, it is
increasingly important for all interested par-
ties to understand the science behind risk
assessment. Encouraging public participation
in environmental decision-making means
ensuring that all interested parties understand
the basic principles of risk analysis and can
converse equally on the development of
assumptions that underlie the analysis. 

A. Introduction to Risk 
Assessment 

This guidance document provides simple-
to-use risk assessment tools that can assist in
determining the appropriate waste manage-
ment practices for surface impoundments,
landfills, waste piles, and land application
units. The guidance tools are based on pre-
dicting potential human health impacts from
a waste management unit by modeling two
possible exposure pathways: releases through
volatile air emissions and contaminant migra-
tion into ground water. Although applying
the guidance tools is simple, it is still essen-
tial to understand the basic concepts of risk
analysis to be able to interpret the results and

understand the nature of any uncertainties
associated with the analysis.  This section
provides a general overview of the scientific
principles underlying the methods for quanti-
fying cancer and noncancer risk assessment.
Ultimately, understanding the scientific prin-
ciples will lead to more effective use of the
guidance tools.

B. Types of Risk
Risk is a concept used to describe situa-

tions or circumstances that pose a hazard to
people or things they value.  People
encounter a myriad of risks during common
everyday activities, such as driving a car,
investing money, and undergoing certain
medical procedures. By definition, risk is
comprised of two components: the probabili-
ty that an adverse event will occur and the
magnitude of the consequences of that
adverse event.  As such, in capturing these
two components, risk is typically stated in
terms of the probability (e.g., one chance in
one million) of a specific harmful "endpoint"
(i.e., accident, fatality, cancer).

In the context of environmental manage-
ment, and in the context of this section in the
guidance document, risk is defined as the
probability or likelihood that public health
may be impacted from exposure to chemicals
contained in waste management units. The
risk endpoints resulting from the exposure are
typically grouped into two major consequence
categories: cancer risk and noncancer risk. 

As implied, the cancer risk category cap-
tures risks associated with exposure to chemi-
cals that may initiate cancer. To determine a
cancer risk, one must calculate the probability
of an individual developing any type of cancer
during his or her lifetime from exposure to
carcinogenic hazards. Cancer risk is generally
expressed in scientific notation; in this nota-
tion, the chance of 1 person in 1,000,000 of
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developing cancer would be expressed as 
1 x 10-6 or 1E-6. The noncancer risk category is
essentially a catch-all category for the remain-
ing health effects resulting from chemical
exposure.  Noncancer risk encompasses a
diverse set of effects or endpoints, such as
weight loss, enzyme changes, reproductive
and developmental abnormalities, and respira-
tory reactions. Noncancer risk is generally
assessed by comparing the exposure or aver-
age intake of a chemical with a corresponding
reference (a health benchmark), thereby creat-
ing a ratio. The ratio so generated is referred
to as the hazard quotient (HQ). An HQ that is
greater than 1 indicates that the exposure
level is above the protective level of the health
benchmark, whereas, an HQ less than 1 indi-
cates that the exposure is below the protective
level established by the health benchmark.

It is important to understand that exposure
to a chemical does not necessarily result in an
adverse health effect. A chemical's ability to
initiate a harmful health effect depends on
the toxicity of the chemical as well as the
route (i.e., ingestion, inhalation) and dose
(the amount that a human intakes) of the
exposure. Health benchmark values are used
to quantify a chemical's possible toxicity and
ability to induce a health effect, and are
derived from toxicity data. They represent a
"dose-response" estimate that relates the like-
lihood and severity of adverse health effects
to exposure and dose.  The health benchmark
is used in combination with an individual's
exposure level to determine if there is a risk.
Because individual chemicals generate differ-
ent health effects at different doses, bench-
marks are chemical specific; additionally,
since health effects are related to the route of
exposure and the timing of the exposure,
health benchmarks are specific to the route
(ingestion or inhalation) and the duration
(acute, subchronic, or chronic) of the expo-
sure. The definitions of acute, subchronic and
chronic exposures vary, but acute typically

implies an exposure of less than one day, sub-
chronic generally indicates an exposure of a
few weeks to a few months, and chronic
exposure can span periods of several months
to several years.

The health benchmark for carcinogens is
called the cancer slope factor. A cancer slope
factor (CSF) is defined as the upper-bound
estimate of the probability of a response per
unit intake of a chemical over a lifetime and
is expressed in units of (mg/kg-d)-1. The slope
factor is used to estimate an upper-bound
probability of an individual developing can-
cer as a result of a lifetime of exposure to a
particular concentration of a carcinogen.

A reference dose (RfD) for oral exposure
and reference concentration (RfC) for inhala-
tion exposure are used to evaluate noncancer
effects. The RfD and RfC are estimates of
daily exposure levels to individuals (including
sensitive populations) that are likely to be
without an appreciable risk of deleterious
effects during a lifetime and are expressed in
units of mg/kg-d (RfD) or mg/m3 (RfC).

Most health benchmarks reflect some
degree of uncertainty because of the lack of
precise toxicological information on the peo-
ple who might be most sensitive (e.g., infants,
elderly, and nutritionally or immunologically

EExxaammppllee  ooff  HHeeaalltthh  BBeenncchhmmaarrkkss
AAccrryylloonniittrriillee

Chronic:
inhalation CFS: 0.24(mg/kg/d)-1

oral CFS: 0.54 (mg/kg/d)-1

RIC: 0.002 mg/m3

RfD:0.001 mg/kg/d

Subchronic:
RfC: 0.02 mg/m3

Acute:
ATSDR MRL: 0.22 mg/m3
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compromised) to the effects of
hazardous substances. There is
additional uncertainty because
most benchmarks must be based
on studies performed on animals,
as relevant human studies are
lacking. 

There are several sources for
obtaining health benchmarks,
some of which are summarized in
the text box. Note that from time-
to-time benchmark values may be
revised to reflect new toxicology
data on a chemical. In addition,
because many states may have
developed their own toxicology
benchmarks, both the ground-
water and air tools in this guid-
ance enable a user to input an
alternative benchmark to those
that are provided.

C. Assessing Risk
Typically risk is estimated using

the organized process of evaluat-
ing scientific data known as risk
assessment. Risk assessment ulti-
mately serves as guidance for
making management decisions by
providing one of the inputs to the
decision making process. Risk
assessment furnishes beneficial
information for a variety of situa-
tions, such as determining the
appropriate pollution control sys-
tems for an industrial site, pre-
dicting the appropriateness of dif-
ferent waste management options
or alternative waste management
unit configurations, or identifying
exposures that may require addi-
tional attention. 

SSoouurrcceess  ffoorr  HHeeaalltthh  BBeenncchhmmaarrkkss

IInntteeggrraatteedd  RRiisskk  IInnffoorrmmaattiioonn  SSyysstteemm  ((IIRRIISS)) The Integrated
Risk Information System (IRIS) is the Agency's official reposi-
tory of Agency-wide consensus chronic human health risk
information. IRIS is an EPA data base containing Agency con-
sensus scientific positions on potential adverse human health
effects that may result from chronic (or lifetime) exposure to
environmental contaminants. IRIS information includes the
reference dose for noncancer health effects resulting from
oral exposure, the reference concentration for noncancer
health effects resulting from inhalation exposure, and the car-
cinogen assessment for both oral and inhalation exposure.

HHeeaalltthh  EEffffeeccttss  AAsssseessssmmeenntt  SSuummmmaarryy  TTaabblleess  ((HHEEAASSTT))
HEAST is a comprehensive listing compiled by the EPA
consisting of risk assessment information relative to oral
and inhalation routes for chemicals. HEAST benchmarks
are considered secondary to those contained in IRIS.
Although the entries in HEAST have undergone review and
have the concurrence of individual agency program offices,
they have either not been reviewed as extensively as those
in IRIS or they do not have as complete a data set as is
required for a chemical to be listed in IRIS.

AAggeennccyy  ffoorr  TTooxxiicc  SSuubbssttaanncceess  aanndd  DDiisseeaassee  RReeggiissttrryy  ((AATTSSDDRR))
The Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA), requires that the
Agency for Toxic Substances and Disease Registry (ATSDR)
develop jointly with the EPA, in order of priority, a list of
hazardous substances most commonly found at facilities on
the CERCLA National Priorities List; prepare toxicological
profiles for each substance included on the priority list of
hazardous substances; ascertain significant human exposure
levels (SHELs) for hazardous substances in the environment,
and the associated acute, subchronic, and chronic health
effects; and assure the initiation of a research program to fill
identified data needs associated with the substances. The
ATSDR Minimal Risk Levels (MRLs) were developed as an
initial response to the mandate. MRLs are based on non-
cancer health effects only and are not based on a considera-
tion of cancer effects. MRLs are derived for acute (1-14 days),
intermediate (15-364 days), and chronic (365 days and
longer) exposure durations, for the oral and inhalation routes
of exposure. 
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The risk-evaluation process involves data
collection activities, such as identifying and
characterizing the source of the environmen-
tal pollutant, determining the transport of
the pollutant once it is released into the
environment, determining the pathways of
human exposure, and identifying the extent
of exposure for individuals or populations at
risk. Performing a risk assessment is complex
and requires knowledge in a number of sci-
entific disciplines. Experts in several areas,
such as toxicology, geochemistry, environ-
mental engineering, and meteorology, may be
involved in performing a risk assessment.
For the purpose of this section, and for
brevity, the basic components important to
consider when assessing risk are summarized
in three main categories listed below. A more
extensive discussion of these components
can be found in the references listed at the
end of this section. 

The three main categories are:

11.. HHaazzaarrdd  IIddeennttiiffiiccaattiioonn::  identifying and
characterizing the source of the 
potential risk (e.g., chemicals man-
aged in a waste management unit).

22.. EExxppoossuurree  AAsssseessssmmeenntt::  determining 
the accessibility or avenues from the 
source to an individual (i.e., exposure
pathways and exposure routes).

33.. RRiisskk  CChhaarraacctteerriizzaattiioonn::  integrating the 
results of the exposure assessment 
with information on who is potential-
ly at risk (e.g., location of the person,
body weights, etc.) and toxicity infor-
mation on the chemical. 

1. Hazard Identification
For the purpose of this guidance docu-

ment, the source of the potential risk has
already been identified: waste management
units. However, there must be a release of
chemicals from a waste management unit for

there to be exposure and risk. Chemicals may
be released from waste management units by
a variety of processes, including volatilization
(where chemicals in vapor phase are released
to the air), leaching to ground water (where
chemicals travel through the ground to a
ground-water aquifer), particulate emission
(where chemicals attached to particulate mat-
ter are released in the air when the particulate
matter becomes airborne), and run-off and
erosion (where chemicals in soil water or
attached to soil particles move to the sur-
rounding area). 

To consider these releases in a risk assess-
ment, information characterizing the waste
management unit is needed. Critical parame-
ters include the size of the unit and its loca-
tion. For example, larger units tend to pro-
duce larger releases. Units located close to the
water table might produce greater releases to
ground water than units located further from
the water table. Units located in a hot, dry,
windy climate may produce greater volatile
releases than units in a cool, wet, non-windy
climate.

2. Exposure Assessment: 
Pathways, Routes, and 
Estimation

Individuals and populations may come
into contact with environmental pollutants by
a variety of exposure mechanisms and
processes. The mere presence of a hazard,
such as toxic chemicals in a waste manage-
ment unit, does not denote the existence of a
risk. Exposure is the bridge between what is
considered a hazard and what actually pre-
sents a risk. Assessing exposure involves
determining the pathways and extent of
human contact with toxic chemicals. The
magnitude, frequency, duration, and route of
exposure to a substance must be considered
when collecting all of the data necessary to
construct a complete exposure assessment. 
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The steps for performing an exposure
assessment include identifying the potentially
exposed population (receptors); pathways of
exposure; environmental media that transport
the contaminant; contaminant concentration at
a receptor point; and receptor's exposure time,
frequency, and duration. The output of the
exposure assessment is a numerical estimate of
exposure and intake of a chemical by an indi-
vidual. The intake information is then used in
concert with chemical-specific health bench-
marks to quantify risks to human health.

Before gathering these data, it is important
to understand what information is necessary
for conducting an adequate exposure assess-
ment and what type of work may be
required. Exposures are commonly deter-
mined by using mathematical models of
chemical fate and transport to determine
chemical movement in the environment in
conjunction with models of human activity
patterns. The information required for per-
forming the exposure assessment
includes site-specific data such as
soil type, meteorological condi-
tions, ground-water pH, and loca-
tion of the nearest receptor.
Information must be gathered for
the two components of exposure
assessment: exposure
pathways/routes and exposure
quantification/estimation.

a. Exposure 
Pathways/Routes

An exposure pathway is the
course the chemical takes from its
source to the individual or popula-
tion it reaches. Chemicals cycle in
the environment by crossing
through the different types of media
which are considered exposure
pathways: air, soil, ground water,
surface water, and biota (Figure

1). As a result of this movement, a chemical
can be present in various environmental
media, and human exposure often results from
multiple sources. The relative importance of an
exposure pathway depends on the concentra-
tion of a chemical in the relevant medium and
the rate of intake by the exposed individual. In
a comprehensive risk assessment, the risk
assessor identifies all possible site-specific
pathways through which a chemical could
move and reach a receptor. This guidance doc-
ument provides tools to model the transport
and movement of chemicals through two envi-
ronmental pathways: air and ground water.

The transport of a chemical in the environ-
ment is facilitated by natural forces: wind and
water are the primary physical processes for
distributing contaminants. For example,
atmospheric transport is frequently caused by
ambient wind. The direction and speed of the
wind determine where a chemical can be
found. Similarly, chemicals found in surface

GGeettttiinngg  SSttaarrtteedd——Building Partnerships
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Figure 1. Multiple Exposure Pathways/Routes (National Research
Council, “Frontiers in Assesssing Human Exposure,” 1991)

pt1chap1.qxd  12/11/98 3:19 PM  Page 11



water and ground water are car-
ried by water currents or sedi-
ments suspended in the water.
The chemistry of the contami-
nants and of the surrounding
environment, often referred to as
the "system," also plays a signifi-
cant role in determining the ulti-
mate distribution of pollutants in
the various types of media.
Physical-chemical processes,
including dissolution/precipita-
tion, volatilization, and photolytic
and hydrolytic degradation, as
well as sorption and complexa-
tion, can influence the distribu-
tion of chemicals among the dif-
ferent environmental media and
the transformation from one
chemical form to another.1 An
important component of creating
a conceptual model for perform-
ing a risk assessment is the identi-
fication of the relevant processes
that occur in a system. These
complex processes depend on the
conditions at the site and specific
chemical properties. 

Whereas the exposure pathway
dictates the means by which a
contaminant can reach an indi-
vidual, the exposure route is the
way in which that chemical enters
the body. To generate a health
effect, the chemical must come in
contact with the body. In environ-
mental risk assessment, three
exposure routes are generally con-
sidered: ingestion, inhalation, and
dermal absorption. As stated ear-
lier, the toxicity of a chemical is
specific to the dose received and
its means of entry into the body.
For example, a chemical that is
inhaled may prove to be toxic and

1-12

1Kolluru, Rao (1996)
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KKeeyy  CChheemmiiccaall  PPrroocceesssseess

SSoorrppttiioonn:: the ability of a chemical to partition between the
liquid and solid phase by determining its affinity for adher-
ing to other solids in the system such as soils and sediment.
The amount of chemical that "sorbs" to solids and does not
move through the environment is dependent upon the char-
acteristics of the chemical, the characteristics of the sur-
rounding soils and sediments, and the quantity of the chemi-
cal. A sorption coefficient is the measure of a chemical's abili-
ty to sorb. If too much of the chemical is present, the avail-
able binding sites on soils and sediments will be filled and
sorption will not continue.

DDiissssoolluuttiioonn//pprreecciippiittaattiioonn::  the extent to which a substance
will be found in a soluble form versus a solid form. In disso-
lution a chemical is taken into solution; precipitation is the
formation of an insoluble solid. These processes are a func-
tion of the nature of the chemical and its surrounding envi-
ronment and are dependent on properties such as tempera-
ture and pH. A chemical's solubility is characterized by a sol-
ubility product. Chemicals that tend to volatilize rapidly are
not highly soluble.

DDeeggrraaddaattiioonn::  the propensity and extent a chemical will break
down into other substances in the environment. Some degra-
dation processes include biodegradation, hydrolysis, and
photolysis. Not all degradation products have the same risk
as the "parent" compound. Some chemicals can break into
"daughter" products that are more harmful than the parent
substance. In performing a risk assessment it is important to
consider what the daughter products of degradation may be.

BBiiooaaccccuummuullaattiioonn::  the ability of a substance to be taken up
and stored in an organism. Typically, the concentrations of
the substance in the organism exceed the concentrations in
the environment since the organism will store the substance
and not excrete it. A bioaccumulation factor is associated
with each chemical.

VVoollaattiilliittyy::  the ability of a compound to partition into a
gaseous state. The volatility of a compound is dependent on
its water solubility and vapor pressure. The extent to which a
chemical can partition into air is described by one of two
constants: Henry's Law or Rauolt's Law. Other factors that are
important to volatility are atmospheric temperature and
waste mixing.
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result in a harmful health effect, whereas the
same chemical may cause no reaction if
ingested, or vice-versa. This phenomenon is
due to the differences in mechanisms once a
chemical enters the body. A chemical that is
inhaled reaches the lungs and enters the
blood system. A chemical that is ingested
may pass through the liver before entering
the blood system, where it may be metabo-
lized into a different chemical that may result
in a health effect or into another chemical
that is soluble and can be excreted.

Some contaminants can also be absorbed
by the skin. The skin is not very permeable
and usually provides a sufficient barrier
against most chemicals. However, some
chemicals can pass through the skin in suffi-
cient quantities to induce severe health
effects. An example is carbon tetrachloride,
which is readily absorbed through the skin
and at certain doses can cause severe liver
damage. The dermal route is typically consid-
ered in worker scenarios in which the worker
is actually performing activities that involve
skin contact with the chemical of concern.
The tools provided in this guidance docu-
ment do not address the dermal route of
exposure.

b. Exposure 
Quantification/Estimation

Once appropriate fate and transport mod-
eling has been performed for each pathway,
providing concentrations of a chemical at an
exposure point, the chemical intake by a
receptor must be quantified. Quantifying the
frequency, magnitude, and duration of expo-
sures that result from the transport of a
chemical to an exposure point is critical to
the overall assessment. For this step, the risk
assessor calculates the chemical-specific expo-
sures for each exposure pathway identified.
Exposure estimates are expressed in terms of
the mass of a substance in contact with the

body per unit body weight per unit time
(e.g., milligrams of a chemical per kilogram
body weight per day, also expressed as
mg/kg-day).

The exposure quantification process
requires two main areas of information gather-
ing: the receptor activity patterns and the bio-
logical characteristics of receptors (body
weight, inhalation rate). Activity patterns and
biological characteristics dictate the amount of
a constituent that a receptor may intake and
the dose that is received per kilogram of body
weight. Chemical intake values are calculated
using equations that include variables for
exposure concentration, contact rate, expo-
sure frequency, exposure duration, body
weight, and exposure averaging time. The val-
ues of some of these variables depend on the
site conditions and the characteristics of the
potentially exposed population. For example,
the rate of oral ingestion of contaminated food
is different for different subgroups of recep-
tors, which might include adults, children,
area visitors, subsistence farmers, and subsis-
tence fishers. Children typically drink greater
quantities of milk each day than adults per
unit body weight. A subsistence fisher would
be at a greater risk than another area resident
from the ingestion of contaminated fish.
Additionally, a child may have a greater rate of
soil ingestion than an adult due to playing
outdoors or hand-to-mouth behavior patterns.
The activities of individuals also determine the
duration of exposure. A resident may live in
the area for 20 years and be in the area for
more than 350 days each year. Conversely, an
area visitor or a worker will have shorter
exposure times. After the intake values have
been estimated, they should be organized by
population as appropriate (i.e., children, adult
residents) so that the results in the risk char-
acterization can be reported for each popula-
tion group. To the extent feasible, site-specific 
values should be used for estimating the
exposures; otherwise, default values suggested

GGeettttiinngg  SSttaarrtteedd——Building Partnerships
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by the EPA in The Exposure Factors Handbook
(EPA, 1995) may be used.

3. Risk Characterization
In the risk-characterization process, the toxi-

city information (slope factors, reference doses)
and the results of the exposure assessment
(estimated intake or dose of potentially
exposed populations) are integrated to arrive at
quantitative estimates of cancer and noncancer
risks. To characterize the potential noncarcino-
genic effects, comparisons are made between
projected intake levels of substances and toxic-
ity values. To characterize potential carcino-
genic effects, probabilities that an individual
will develop cancer over a lifetime are estimat-
ed from projected intake levels and chemical-
specific dose-response relationships. This pro-
cedure is the final calculation step. This step
determines who is likely to be affected and
what the likely affects are. Because of all the
assumptions inherent in deriving a risk, a risk
characterization cannot be considered com-
plete unless the numerical expressions of risk
are accompanied by explanatory text interpret-
ing and qualifying the results. The risk charac-
terization step for carcinogens and noncarcino-
gens is different and is shown in the text box
below.

Another consideration during the risk-
characterization phase are cumulative effects.

A given population may be exposed to multi-
ple chemicals from several exposure routes
and sources. For example, multiple con-
stituents may be managed in a single waste
management unit, and by considering one
chemical at a time the risks associated with
the waste management unit may be underes-
timated. The EPA (1989a) has developed
guidance outlined in the Risk Assessment
Guidance for Superfund, Volume I to assess the
overall potential for cancer and noncancer
effects posed by multiple chemicals. The risk
assessor, facility manager, and other interest-
ed parties should determine the appropriate-
ness of adding the risk contribution of each
chemical for each pathway to derive a cumu-
lative cancer risk or noncancer risk. The pro-

cedures for adding risks differ for carcino-
genic and noncarcinogenic effects.

The cancer-risk equation described in the
box above estimates the incremental individ-
ual lifetime cancer risk for simultaneous expo-
sure to several carcinogens and is based on
EPA (1989a) guidance. The equation com-
bines risks by summing the risks to a receptor
from each of the carcinogenic chemicals.

To assess the overall potential for noncar-
cinogenic effects posed by more than one
chemical, a hazard index (HI) approach was
developed by the EPA. The approach
assumes that the magnitude of an adverse
health effect is proportional to the sum of the
hazard quotients of each of the chemicals

1-14
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CCaallccuullaattiinngg  RRiisskk

CCaanncceerr  RRiisskkss::
Incremental risk of cancer = average
daily dose (mg/kg-day) * slope factor
(mg/kg-day)-1

NNoonn--CCaanncceerr  RRiisskkss
Hazard quotient = exposure or intake
(mg/kg-day) or (mg/m3)/ RfD (mg/kg-day)
or RfC (mg/m3)

CCaanncceerr  RRiisskk  EEqquuaattiioonn  ffoorr  MMuullttiippllee
SSuubbssttaanncceess

RiskT = SRiski

where:

RiskT = the total cancer risk, expressed as a
unitless probability
Riski = the risk estimate for the ith substance
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investigated. Assessing cumulative effects
from noncarcinogens is more difficult and
contains a greater amount of uncertainty. As
discussed earlier, noncarcinogenic risk covers
a diverse set of health effects and different
chemicals will have different effects. In keep-
ing with EPA's Risk Assessment Guidance, haz-
ard quotients should only be added for
chemicals that have the same critical effect
(e.g., both chemicals effect the liver or both
initiate respiratory distress.) As a result, an
extensive knowledge of toxicology is needed
to sum the hazard quotients to produce a
hazard index. Segregation of hazard indices
by effect and mechanism of action can be
complex, time-consuming, and will have
some degree of uncertainty associated with it.
This analysis is not simple and should be per-
formed by a toxicologist.

D. Results
The results of a risk assessment provide a

basis for making decisions but are only one ele-
ment of input into the decision process. The
risk assessment does not constitute the only
basis for management action. Other factors are
also important, such as technical feasibility of
options, public values, and economics.
Understanding and interpreting the results for
the purpose of making decisions also requires a
thorough knowledge of the assumptions that
were applied during the risk assessment.
Ample documentation should be constructed
to define the scenarios that were evaluated for
the risk analysis and any uncertainties there
may be in the estimate. Some of the informa-
tion that should be considered for inclusion in
the risk assessment documentation may be: key
site-related information such as contaminants
evaluated, a description of the risks present
(i.e., cancer, noncancer), the level of confidence
in the information used in the assessment, the
major factors driving the site risks, and the
characteristics of the exposed population. The

results of a risk assessment are essentially
meaningless without the information on how
they were generated. 

IV. Information on 
Environmental 
Releases

Under the Emergency Planning and
Community
Right-to-Know
Act (EPCRA) of
1986, facilities
in a designated
Standard
Industry Code
(see 40 CFR §372.22) with more than 10
employees that manufacture or process more
than 25,000 pounds, or otherwise use more
than 10,000 pounds, of a Toxic Release
Inventory (TRI)-listed chemical are required to
report their environmental releases annually to
EPA and state governments. Environmental
releases include the disposal of wastes in land-
fills, surface impoundments, land application
units, and waste piles. EPA compiles these data
in the TRI database. TRI data are also being
made available through public libraries and
reports. You may wish to include TRI data in
the facility's information repository. 

EPCRA is based on the belief that citizens
have a right to know about potential environ-
mental risks caused by facility operations in
their communities, including those posed as a
result of waste management. TRI data, there-
fore, provide yet another way for residents to
learn about the waste management activities
taking place in their neighborhood and to
take a more active role in decisions that
potentially affect their health and environ-
ment. More information on TRI and access to
TRI data can be obtained from EPA's Web site
<<wwwwww..eeppaa..ggoovv//ooppppttiinnttrr//ttrrii>>..
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■■■■ Develop exhibits that provide a better understanding of facility operations.

■■■■ Identify potentially interested/affected people.

■■■■ Notify the state and public about new facilities or significant changes in facility 
operating plans.

■■■■ Set up a public meeting for input from the community.

■■■■ Provide interpreters for public meetings.

■■■■ Make knowledgeable and responsible people available for sharing information.

■■■■ Develop an involvement plan based on information gathered in previous steps.

■■■■ Provide access to the facility and to information about its operations.

■■■■ Maintain a publicly accessible information repository or on-site reading room.

Building Partnerships Action Items 
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U
nderstanding the physical and
chemical properties of a waste
and sampling and analysis proce-
dures is the cornerstone upon
which subsequent steps in this

guidance are built. Knowledge of the physical
and chemical properties of the waste is crucial
in identifying waste reduction opportunities. It
is necessary in gauging what risks a waste may
pose to surface water, ground water, and air. It
drives the selection of a liner or the choice of
land application methods. It is needed to deter-
mine which constituents to test for if conduct-
ing ground-water monitoring. Use knowledge
of waste generation processes, analytical testing,
or some combination of the two to estimate
waste constituent concentrations. Over time
when changes are made to the industrial
processes or waste management practices, it

may be necessary to recharacterize a waste. No
matter which approach is used in characterizing
a waste, the important goal is to maximize the
knowledge available to make the important
decisions described in later chapters of this
guidance.

I. Waste 
Characterization 
Through Process 
Knowledge

A waste characterization begins with an
understanding of the industrial processes that
generate a waste. As a starting point, obtain
information about the waste itself such as the
physical state of the waste, the volume, and
the composition. In addition, obtain enough

Characterizing Waste

Understand the industrial processes that generate a waste.
Determine the waste's physical and chemical properties. Quantify
constituent leaching to facilitate ground-water risk analysis.
Quantify total constituent concentrations to facilitate air emission
analysis, and consideration of pollution prevention and treatment.

This chapter will help address the 
following questions:

• Can process knowledge be used to char-
acterize waste?

• What constituent concentrations
should be quantified?

• What type of leachate test should be
used?
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information about the process to enable prop-
er characterization of the waste. Many indus-
tries have thoroughly tested and characterized
their wastes over time. Check with trade
associations to see if the appropriate informa-
tion is available for a particular waste. 

The following examples of process knowl-
edge may assist in waste characterization by
providing information on waste constituents
and potential concentrations:

■■ Chemical engineering designs/plans for 
the process, showing process input chem-
icals, expected primary and secondary 
chemical reactions, and products;

■■ Material Safety Data Sheets (MSDSs). 
Note, however, that not all MSDSs con-
tain information on all constituents found
in a product;

■■ Manufacturer's literature;

■■ Previous waste analyses;

■■ Literature on similar processes; and

■■ Preliminary testing results, if available.

A materials balance exercise using process
knowledge may be useful in understanding
where wastes are generated within a process,
and estimating the quantity of chemicals in
such wastes. In a material balance, calculate
all input streams, such as raw materials fed
into the processes, and all output streams,
such as products produced and waste gener-
ated. Material balances can assist in estimat-
ing concentrations of waste constituents
where analytical test data are limited.
Characterizing waste using material balances
can require considerable effort and expense,
but may assist in developing a more complete
picture of candidate waste generation
process(es).  Flow diagrams are generally pre-
pared to identify important process steps and
sources where wastes are generated. 

A thorough assessment of a production

processes can also serve as the starting point
for a facility-wide waste reduction, recycling,
or pollution prevention effort. Such an assess-
ment will provide the information base to
explore many opportunities to reduce or
recycle the volume or toxicity of wastes.
Check the integrating pollution prevention,
recycling, and treatment chapter for ideas,
tools, and references on how to proceed.

II. Waste 
Characterization
Through 
Leachate Testing

The intent of leaching and extraction tests is
to estimate the release of waste constituents
into ground water. The importance of estimat-
ing potential constituent concentrations that
may leach to ground water is underscored by
the fact that the ground water software model,
Industrial Waste Management Evaluation Model,
(IWEM), developed for this guidance docu-
ment uses expected leachate concentrations to
develop recommended liner system designs. 

If the total concentration of all the con-
stituents in a waste has been estimated using
process or industry knowledge, estimates of
the maximum possible concentration of these
constituents in leachate can be made using
the dilution ratio of the leachate test to be
performed. For example, the Toxicity
Characteristic Leachate Procedure (TCLP)
does allow for a total constituent analysis in
lieu of the TCLP extraction. If a waste is 100
percent solid, as defined by the TCLP
method, then the results of the total composi-
tional analysis may be divided by twenty to
convert the total results into the maximum
leachable concentration. This factor is derived
from the 20:1 liquid to solid ratio employed
in the TCLP. If a waste has filterable liquid,
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then the concentration of each phase (liquid
and solid) must be determined. The following
equation may be used to calculate this value:1

[A x B] + [C x D] 
___________________ = E 

B + [20 (L/kg) x D] 

Where: 

A = Concentration of the analyte in liquid 
portion of the sample (mg/L)

B = Volume of the liquid portion of the sam-
ple (L).

C = Concentration of the analyte in solid 
portion of the sample (mg/kg)

D = Weight of the solid portion of the sam-
ple (kg)

E = Maximum theoretical concentration in 
leachate (mg/L)

Because this is only a screening method for
identifying an upper-bound TCLP leachate
concentration, consult with the state agency to
determine whether process knowledge can be
used in lieu of leachate testing.

A. Sampling and Analysis 
Plan

One of the more critical elements in proper
waste characterization is the plan for sampling
and analyzing the waste. The sampling plan is
usually a written document that describes the
objectives and details of the individual tasks of
a sampling effort and how they will be per-
formed. This plan should be carefully thought
out, well in advance of sampling. The more
detailed the sampling plan, the less opportuni-
ty for error or misunderstanding during sam-
pling, analysis, and data treatment. 

To ensure that the sampling plan is
designed properly, a wide-range of personnel
should be consulted. The end user of the data,
an experienced member of the sampling team,

a senior analytical chemist, an engineer who
understands the manufacturing processes, a
statistician, and a quality assurance represen-
tative all need to be involved in the develop-
ment of a sampling plan. It is also wise to
consult the analytical laboratory to be used.
Development of sampling plans requires back-
ground information about the waste and the
unit, knowledge of the waste location and sit-
uation, decisions as to the types of samples
needed, and decisions as to the sampling
design required. The plan should address the
following considerations:

■■ Data quality objectives;

■■ Determination of a representative sample;

■■ Statistical methods to be employed in the 
analyses;

■■ Waste generation and handling processes;

■■ Constituents/parameters to be sampled;

■■ Physical and chemical properties of the 
waste;

■■ Accessibility of the unit;

■■ Sampling equipment, methods, and sam-
ple containers;

■■ Quality assurance and quality control 
(e.g., sample preservation and handling 
requirements);

■■ Chain-of-custody; and

■■ Health and safety of employees.

A number of these factors are discussed
below. Additional information on data quality
objectives and quality assurance and quality
control can be found in Test Methods for
Evaluating Solid Waste, Physical/Chemical
Methods—SW-846, Guidance for the Data Quality
Objectives Process (EPA600-R-96-055), Guidance
on Quality Assurance Project Plans (EPA600-R-
98-018), and Guidance for the Data Quality
Assessment: Practical Methods for Data Analysis
(EPA600-R-96-084).

1SW-846 Methods Team Home page at <<wwwwww..eeppaa..ggoovv//ssww--884466//ffaaqqss>>.
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Prior to implementing a sampling
plan, it is often strategic to walk
through the sampling plan mentally,
starting with the preparation of the
equipment through the time when
samples are received at the laborato-
ry. This mental excursion should be
in as much detail as can be imag-
ined, because the small details are
the ones most frequently over-
looked. 

1. Representative 
Waste Sampling

The first step in any analytical
testing process is to obtain a sample
that is representative of the physical
and chemical composition of a
waste. The term "representative
sample" is commonly used to
denote a sample that has the proper-
ties and composition of the popula-
tion from which it was collected and
in the same proportions as found in
the population. This can be mislead-
ing unless dealing with a homoge-
nous waste from which one sample
can represent the whole population.
Because most industrial wastes are
not homogeneous, many different
factors should be considered in
obtaining samples that are collec-
tively representative of a waste.
Examples of factors that should be
considered include:

■■ PPhhyyssiiccaall  ssttaattee  ooff  tthhee  wwaassttee..  The 
physical state of the waste affects 
most aspects of a sampling effort. 
The sampling device will vary 
according to whether the sample 
is liquid, gas, solid, or multipha-
sic. It will also vary according to 
whether the liquid is viscous or 
free-flowing, or whether the solid

MMoorree  IInnffoorrmmaattiioonn  oonn  TTeesstt  MMeetthhooddss  ffoorr  EEvvaalluuaattiinngg
SSoolliidd  WWaassttee,,  PPhhyyssiiccaall//CChheemmiiccaall  MMeetthhooddss——SSWW--884466

EPA has begun replacing requirements mandating the
use of specific measurement methods or technologies
with a performance-based measurement system
(PBMS). The goals of PBMS is to reduce regulatory
burden and foster the use of innovative and emerging
technologies or methods. PBMS establishes what
needs to be accomplished, but does not prescribe
specifically how to do it. In a sampling situation, for
example, PBMS would establish the data needs, the
level of uncertainty acceptable for making decisions,
and the required supporting documentation, a specific
test method would not be prescribed. This approach
allows the analyst the flexibility to select the most
appropriate and cost effective test methods or tech-
nologies to comply with the criteria. Under PBMS, the
analyst is required to demonstrate the accuracy of the
measurement method using the specific matrix that is
being analyzed. SW-846 serves only as a guidance
document and starting point.

SW-846 provides state-of-the-art analytical test meth-
ods for a wide array of inorganic and organic con-
stituents, as well as procedures for field and laborato-
ry quality control, sampling, and characteristics test-
ing. The methods are intended to promote accuracy,
sensitivity, specificity, precision, and comparability of
analyses and test results. 

For assistance with the methods described in SW-846,
call the EPA Method Information Communication
Exchange (MICE) Hotline at 703 821-4690 or send
an e-mail to mice@lan828.ehsg.saic.com.

SW-846 is available on line at:
<<wwwwww..eeppaa..ggoovv//ssww--884466//mmaaiinn..hhttmm>>  

A hard copy or CD-ROM version of SW-846 can be
purchased by calling the National Technical
Information Service (NTIS) at 703 487-4808.
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is hard or soft, powdery, monolithic, or 
clay-like. 

■■ CCoommppoossiittiioonn  ooff  tthhee  wwaassttee..  The samples 
should represent the average concentra-
tion and variability of the waste in time 
or over space.

■■ WWaassttee  ggeenneerraattiioonn  aanndd  hhaannddlliinngg  pprroocceesssseess..
The waste generation and handling 
processes to account for in sampling 
efforts include: if the waste is generated 
in batches; if there is a change in the raw 
materials used in a manufacturing 
process; if waste composition can vary 
substantially as a function of process 
temperatures or pressures; and if storage 
time after generation may vary.

■■ TTrraannssiittoorryy  eevveennttss..  Start-up, shut-down, 
slow-down, and maintenance transients 
can result in the generation of a waste 
that is not representative of the normal 
waste stream. If a sample was unknow-
ingly collected at one of these intervals, 
incorrect conclusions could be drawn.

Consult with the state agency to identify any
legal requirements or preferences before begin-
ning sampling efforts. Refer to Chapter 9 of
SW-846 for detailed guidance on planning,
implementing, and assessing sampling events.
To ensure that the chemical information
obtained from a waste sampling efforts is accu-
rate, it must be unbiased and sufficiently pre-
cise. Accuracy is usually achieved by incorpo-
rating some form of randomness into the sam-
ple selection process and by selecting an appro-
priate number of samples. Since most industri-
al wastes are heterogeneous in terms of their
chemical properties, unbiased samples and
appropriate precision can usually be achieved
by simple random sampling. In this type of
sampling, all units in the population (essential-
ly all locations or points in all batches of waste
from which a sample could be collected) are
identified, and a suitable number of samples is

randomly selected from the population.

The appropriate number of samples to
employ in a waste characterization is at least
the minimum number of samples required to
generate a sufficiently precise estimate of the
true mean concentration of a chemical conta-
minant in a waste. A number of mathematical
formulas exist for determining the appropri-
ate number of samples depending on the sta-
tistical precision required.

The type of sampling plan developed will
vary depending on the sampling location.
Solid wastes contained in a landfill or waste
pile may be best sampled using a three-
dimensional random sampling strategy. This
involves establishing an imaginary three-
dimensional grid or sampling points in the
waste and then using random-number tables
or random-number generators to select points
for sampling. Hollow-stem augers combined
with split-spoon samplers are frequently
appropriate for sampling landfills. 

If the distribution of waste components is
known or assumed for liquid or semisolid
wastes in surface impoundments, then a two-
dimensional simple random sampling strategy
may be appropriate. In this strategy, the top
surface of the waste is divided into an imagi-
nary grid, grid sections are selected using ran-
dom-number tables or random-number gener-
ators, and each selected grid point is then sam-
pled in a vertical manner along the entire
length from top to bottom using a sampling
device such as a weighted bottle, a drum thief,
or Coliwasa. If sampling is restricted due to the
size of the impoundment, the sampling strategy
should, at a minimum, take sufficient samples
to address the potential vertical anomalies in
the waste in order to be considered representa-
tive. This is because contained wastes tend to
display vertical, rather than horizontal, nonran-
dom heterogeneity due to settling of suspended
solids or denser liquid phases.
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To facilitate characterization efforts, con-
sult with the state agency and a qualified pro-
fessional to select a sampling plan and deter-
mine the appropriate number of samples,
before beginning sampling efforts. Consider
conducting a waste-stream specific characteri-
zation in sufficient detail so that the informa-
tion can be used to conduct waste reduction
and waste minimization activities. 

Additional information concerning sampling
plans, strategies, methods, equipment, and
sampling quality assurance and quality control
is available in chapters 9 and 10 in SW-846.
Electronic versions of these chapters have been
included on the CD-ROM for this guidance.

2. Representative Waste 
Analysis

Once a representative sample has been col-
lected, it must be preserved to maintain the
physical and chemical properties that it pos-
sessed at the time of collection. Sample types,
types of sample containers, and their prepara-
tion and preservation methods are all impor-
tant in maintaining the integrity of the sam-
ple. The analytical chemist must develop an
analytical plan which is appropriate for the
sample to be analyzed, the constituents/para-
meters to be analyzed for, and the end use of
the information required. SW-846 contains
information on analytical plans and methods.
Additional references exist that are useful
sources of information regarding the selection
of analytical methods and quality
assurance/quality control procedures for vari-
ous compounds. One such web site is
<<wwwwww..eeppaa..ggoovv//rreegg33hhwwmmdd//bbrroowwnnfflldd//aannaallyytt--
iicc..hhttmm>>.

B. Leachate Test Selection
Leaching tests are used to estimate potential

concentration or amount of waste constituents

that may leach from a waste to ground water.
Typical leaching tests use a specified leaching
fluid mixed with the solid portion of a waste
for a specified time. Solids are then separated
from the leaching solution and the solution is
tested for waste constituent concentrations.
The type of leaching test performed may vary
depending on the chemical, biological, and
physical characteristics of the waste, the envi-
ronment in which the waste will be placed, as
well as the recommendations or requirements
of the state agency.

When selecting the most appropriate ana-
lytical procedures, consider at a minimum
the physical state of the sample using process

and generator knowledge, the constituents to
be analyzed, detection limits, and the speci-
fied holding times of the analytical methods.
It may not be cost-effective or useful to con-
duct a test with detection limits at or greater
than the constituent concentrations in a
waste. There are several general categories of
phases in which samples can be categorized:
solids, aqueous, sludges, multiphase samples,
ground water, and oil and organic liquid.
Select a procedure that is designed for the
specific sample type. 

After assessing the state of the waste, assess
the environment in which the waste will be

WWhhaatt  lleeaacchhaattee  tteesstt  iiss  aapppprroopprriiaattee??

Selecting an appropriate leachate test can
be summarized in the following four steps.

1. Assess the physical state of the waste 
using process and generator know-
ledge.

2. Assess the environment in which the 
waste will be placed.

3. Consult with the state agency.

4. Select an appropriate leachate test 
based on the above information.

pt1chap2.qxd  12/11/98 3:16 PM  Page 6



GGeettttiinngg  SSttaarrtteedd——Characterizing Waste

2-7

2EPA has only reviewed and evaluated those test methods found in SW-846. EPA has not reviewed or evalu-
ated the other test methods and cannot recommend any test methods other than those found in SW-846.

3The TCLP was developed to replace the Extraction Procedure Toxicity Test method which is designated as
EPA Method 1310 in SW-846.

placed. For example, an acidic environment
may require a different test than a non-acidic
environment. If the waste management unit is
receiving only monofill, then the characteris-
tics of the waste will determine most of the
unit's conditions. Conversely, if wastes are
being co-disposed, then the conditions creat-
ed by the co-disposed wastes must be consid-
ered, including the constituents that may be
leached by the subject waste.

As described in the Phase IV LDR rule-
making (62 FR 25997; May 26, 1998), EPA is
undertaking a review of the TCLP test and
how it is used to evaluate waste leaching. EPA
anticipates that this review will examine the
effects of a number of factors on leaching and
on approaches to estimating the likely leach-
ing of a waste in the environment. These fac-
tors include pH, liquid to solid ratios, matrix
effects and physical form of the waste, effects
of non-hazardous salts on the leachability of
hazardous metal salts, and others. The effects
of these factors on leaching may or may not
be well reflected in the leaching tests current-
ly available. At the conclusion of the TCLP
review, EPA is likely to issue revisions to this
guidance that reflect a more complete under-
standing of waste constituent leaching under
a variety of management conditions.

Use a qualified laboratory when conduct-
ing analytical testing. The laboratory may be
in-house or independent. When using inde-
pendent laboratories, ensure that they are
qualified and competent to perform the
required tests. Some laboratories may be pro-
ficient in one test but not another. Consult
with the laboratory before finalizing the test
selection to ensure that it can be performed.
When using analytical tests that are not fre-
quently performed, additional quality assur-
ance and quality control practices may be
necessary to ensure that the tests were con-
ducted correctly and that the results are accu-
rate.

A brief summary of the TCLP and three
other commonly used leachability tests is
provided below. The complete procedures for
all of these tests are included in SW-846 or in
the Annual Book of ASTM Standards Volume
11.04. Appendix I provides a summary of
over 20 tests designed to help determine the
potential for contaminant release.2 Consult
with the state agency to identify the most
appropriate test and test procedures for the
waste and sample type.

1. Toxicity Characteristic 
Leaching Procedure

The TCLP is the test required to determine
whether a waste is a toxicity characteristic
hazardous waste under RCRA in 40 CFR Part
261. The TCLP estimates the leachability of
certain hazardous constituents from solid
waste under a defined set of laboratory con-
ditions. It evaluates the leaching of metals,
volatile and semi-volatile organic compounds,
and pesticides from wastes. The TCLP was
developed to simulate the leaching of con-
stituents into ground water under conditions
found in municipal solid waste (MSW) land-
fills. The TCLP does not simulate the release
of contaminants to nonground-water path-
ways. The TCLP is most commonly used by
EPA and state agencies to evaluate the leach-
ing potential of wastes, and to estimate likely
risks to ground water. The TCLP can be
found as EPA Method 1311 in SW-846.3 A
copy of Method 1311 has been included on
the CD-ROM for this guidance.

In the TCLP, liquid wastes (those contain-
ing less than 0.5 percent dry solid material)
are filtered through a glass fiber filter. Waste
samples containing solids and liquids are
handled by separating the liquids from the
solid phase, and then reducing solids to par-
ticle size. The solids are then extracted with
an acetate buffer solution. A liquid-to-solid
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ratio of 20:1 by weight is used for an extrac-
tion period of 18 ± 2 hours. After extraction
the solids are filtered from the liquid extract,
and the liquid extract is combined with any
original liquid fraction of the wastes. Analyses
are then conducted on the filtrate and
leachate to determine the constituent concen-
trations. If the extract contains any of the
constituents listed in Table 1 of 40 CFR Part
261.24 at a concentration equal or greater
than the respective value in the Table, unless
excluded under §261.4, then the waste is
considered to be a hazardous waste under the
Toxicity Characteristic (TC).

Check with the state agency to determine
whether the TCLP is likely to be the best test
for evaluating the leaching potential of a
waste, or if another test may better predict
the actual leaching of a waste. The TCLP test,
like other available leach tests, is designed to
simulate, or approximate one set of disposal
conditions and waste leaching that might
occur under those conditions. It is used by
EPA to classify waste as hazardous, and may
be conservative in some conditions (although
it has also apparently under predicted leach-
ing in other, rather extreme, conditions).
When disposal conditions are very different
from the TCLP test conditions, another test
may provide better short term numerical esti-
mates of leaching.

2. Synthetic Precipitation 
Leaching Procedure (SPLP)

The SPLP is currently used by several state
agencies to evaluate the leaching of con-
stituents from wastes, and has been designat-
ed as EPA Method 1312 in SW-846. The
SPLP was designed to estimate the leachabili-
ty of both organic and inorganic analytes pre-
sent in liquids, soils, and wastes. The SPLP
was originally designed to assess how clean a
soil was in EPA's clean closure program. The

federal hazardous waste program, however,
did not adopt it for use, but the test still may
estimate releases from wastes placed in a
landfill and subject to acid rain. There may
be, however, important differences between
soil as a constituent matrix and the matrix of
a generated industrial waste. A copy of
Method 1312 has been included on the CD-
ROM for this guidance.

The SPLP is very similar to the TCLP.
Waste samples containing solids and liquids
are handled by separating the liquids from
the solid phase, and then reducing solids to
particle size. The solids are then extracted
with a dilute sulfuric acid/nitric acid solution.
A liquid-to-solid ratio of 20:1 by weight is
used for an extraction period of 18±2 hours.
After extraction the solids are filtered from
the liquid extract, and the liquid extract is
combined with any original liquid fraction of
the wastes. Analyses are then conducted on
the filtrate and leachate to determine the con-
stituent concentrations.

The sulfuric acid/nitric acid extraction
solution used in the SPLP was selected to
simulate leachate generation, in part, from
acid rain. In both the SPLP and TCLP, oily,
and some paint wastes, may clog the filters
used to separate the extract from the solids
prior to analysis, resulting in under reporting
of the extractable constituent concentrations.
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3. Multiple Extraction 
Procedure (MEP)

The MEP is designed to simulate the leach-
ing that a waste will undergo from repetitive
precipitation of acid rain on a landfill to
reveal the highest concentration of each con-
stituent that is likely to leach in a real world
environment. Currently, the MEP is used in
EPA's de-listing program and has been desig-
nated as EPA Method 1320 in SW-846. A
copy of Method 1320 has been included on
the CD-ROM for this guidance.

The MEP can be used to evaluate liquid,
solid, and multiphase samples. Waste samples
are extracted according to the Extraction
Procedure (EP)Toxicity Test (Method 1310 of
SW-846). A copy of Method 1310 has been
included on the CD-ROM for this guidance.
The EP Test is very similar to the TCLP
Method 1311. In the EP, liquid wastes are fil-
tered through a glass fiber filter. Waste sam-
ples containing solids and liquids are handled
by separating the liquids from the solid
phase, and then reducing the solids to parti-
cle size. The solids are then extracted using
an acetic acid solution. A liquid-to-solid ratio
of 16:1 by weight is used for an extraction
period of 24 hours. After extraction the solids
are filtered from the liquid extract, and the
liquid extract is combined with any original
liquid fraction of the wastes. The solid por-
tions of the samples that remain after applica-
tion of Method 1310 are then re-extracted
using a dilute sulfuric acid/nitric acid solu-
tion. As in the SPLP, this fluid was selected to
simulate leachate generation, in part, from
acid rain. This time a liquid-to-solid ratio of
20:1 by weight is used for an extraction peri-
od of 24 hours. After extraction solids are
once again filtered from the liquid extract,
and the liquid extract is combined with the
original liquid fraction of the wastes. These
four steps are repeated eight additional times.
If the concentration of any constituent of

concern increases from the 7th or 8th extrac-
tion to the 9th extraction, the procedure is
repeated until these concentrations decrease.

The MEP is intended to simulate 1,000
years of freeze and thaw cycles and prolonged
exposure to a leaching medium. One advan-
tage of the MEP over the TCLP is that the
MEP gradually removes excess alkalinity in
the waste. Thus, the leaching behavior of
metal contaminants can be evaluated as a
function of decreasing pH, which increases
the solubility of most metals. 

4. Shake Extraction of Solid 
Waste with Water or 
Neutral Leaching 
Procedure

Shake Extraction of Solid Waste with Water,
or the Neutral Leaching Procedure, was devel-
oped by the American Society for Testing and
Materials (ASTM) to assess the leaching poten-
tial of solid waste and has been designated as
ASTM D-3987-85. This test method provides
for the shaking of a water extractant and a
known weight of waste of specified composi-
tion and the separation of the aqueous phase
for analysis. The intent of this test method is
for the final pH of the extract to reflect the
interaction of the extractant with the buffering
capacity of the solid waste. 

The shake test is performed by mixing the
solid sample with test water and agitating
continuously for 18±0.25 hours. A liquid-to-
solid ratio of 20:1 by weight is used. After
agitation the solids are filtered from the liquid
extract, and the liquid extract is analyzed.

The water extraction is meant to simulate
conditions where the solid waste is the domi-
nant factor in determining the pH of the
extract. This test, however, has only been
approved for certain inorganic constituents,
and is not applicable to organic substances
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and volatile organic compounds. Copies of
this procedure can be ordered by calling
ASTM at 610 832-9585 or via the Internet at
<<wwwwww..aassttmm..oorrgg>>..

III. Waste 
Characterization 
of Volatile 
Organic Emissions

To determine whether volatile organic emis-
sions are of concern at a unit, as described in
the protecting air chapter, the concentration of
all volatile organics in a waste must be known.
Analytical testing may be necessary if organic
concentrations cannot be estimated using
process knowledge. Many tests have been
developed for quantitatively extracting volatile
and nonvolatile organic compounds from vari-
ous sample matrices, for example extracting all
of the compound present. These tests tend to
be highly dependent upon the physical charac-
teristics of the sample. Consult with the state
agency before beginning testing. Refer to SW-
846 Method 3500B for general guidance on
selection of methods for quantitative extraction
or dilution of samples for analysis by one of
the semivolatile or nonvolatile determinative
methods. After performing the appropriate
extraction procedure, further cleanup of the
sample extract may be necessary if analysis of
the extract is prevented due to interferences
coextracted from the sample. Method 3600 of
SW-846 provides additional guidance on
cleanup procedures. Following preparation of
a sample, the sample is ready for further analy-
sis. Most analytical methods are either gas
chromatography (GC), high performance liq-
uid chromatography (HPLC), gas chromatog-
raphy/mass spectrometry (GC/MS), or high
performance liquid chromatography/mass
spectrometry (HPLC/MS). SW-846 is designed
to allow the methods to be mixed-and-

matched, so that sample preparation, sample
cleanup, and analytical methods can be com-
bined into a sequence, as appropriate for the
particular analyte and the matrix. Consult with
the state agency before finalizing the selected
methodology.
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■■■■ Use process knowledge to identify constituents for further analysis.

■■■■ Assess the physical state of the waste using process and generator knowledge.

■■■■ Assess the environment in which the waste will be placed.

■■■■ Consult with the state agency to determine any state specific testing requirements.

■■■■ Select an appropriate leachate test or organic constituent analysis based on the above 
information.

Waste Characterization Action Items 
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P
ollution prevention, waste    
reduction, waste minimization—
these and similar  terms describe a
variety of  practices that go far
beyond traditional environmental

compliance or single media permits for water,
air, or waste management. This guidance is
designed to help decide how to  manage
wastes protectively. Integrating pollution pre-
vention, recycling, and treatment into policies
and operations allows for opportunities to
reduce the volume and toxicity of wastes,
reduce waste disposal needs, and recycle and
reuse materials formerly handled as wastes. In
addition to the potential to save waste man-

agement costs, pollution prevention, recy-
cling, and treatment may improve the interac-
tions among industry, the public, and regula-
tory agencies; reduce liabilities and risks asso-
ciated with releases from waste management
units; and reduce long-term liabilities and
risks associated with closure and post-closure
care of waste management units.

PPoolllluuttiioonn  pprreevveennttiioonn is comprehensive and
emphasizes a life-cycle approach to assessing
physical plant, production processes, and
products to identify the best opportunities to
minimize environmental impacts across all
media. This approach also ensures that
actions taken in one area will not increase
environmental problems in another area
(such as reducing wastewater discharges but
increasing airborne emissions of volatile
organic compounds). Pollution prevention
actively involves a broad cross section of
employees in creative problem solving to help
achieve environmental goals and at the same
time benefit a company in many other ways.
For example, redesigning production process-
es or finding alternative materials inputs can
also improve product quality, increase effi-
ciency, and conserve raw materials.

Integrating Pollution Prevention, 
Recycling, and Treatment

Consider pollution prevention, recycling, and treatment options
when designing a waste management system. Pollution preven-
tion and recycling reduce waste disposal needs and can mini-
mize impacts across all environmental media. Treatment can
reduce the volume and/or toxicity of waste. Pollution prevention,
recycling, and treatment can all ease some of the burdens,
risks, and liabilities of waste management.

This chapter will help address the 
following questions:

•  What are some of the benefits of pollu-
tion prevention, recycling, and treatment?

•  Where can asistance in choosing and
implementing specific pollution preven-
tion, recycling, and treatment activities
be obtained?
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RReeccyycclliinngg is similar to pollution prevention
in the sense that both require an examina-
tion of waste streams and production
processes to identify opportunities.
Recycling and beneficially reusing wastes
can help reduce disposal costs, while using
or reusing recycled materials as substitutes
for feedstocks can reduce raw materials’
costs. Materials exchange programs can
assist in finding uses for recycled materials,
and identifying effective substitutes for raw
materials. Recycling not only helps reduce
the overall amount of waste sent for dis-
posal, but also helps conserve natural
resources by replacing the need for virgin
materials.

TTrreeaattmmeenntt can reduce the toxicity of a
waste, its volume, or both. Reducing a
waste's volume and toxicity prior to final
disposal can result in long-term cost sav-
ings. There are a considerable number of
levels and types of treatment from which
to choose. Selecting the right treatment
option can help simplify disposal options
and limit future liability.

Throughout this guidance some key steps
are highlighted that are good starting points
for pollution prevention, recycling, or treat-
ment or where pollution prevention, recy-
cling, or treatment could help reduce waste
management costs, increase options, or
reduce potential liabilities by reducing risks
that the wastes might pose. For example:

WWaassttee  cchhaarraacctteerriizzaattiioonn is a key component
of this guidance. It is also a key compo-
nent of a pollution prevention opportunity
assessment. An opportunity assessment is
more comprehensive, since it also covers
material inputs, production processes,
operating practices, and potentially other
areas such as inventory control. When
characterizing a waste, consider expanding
the assessment to cover these aspects of
the business. An opportunity assessment
can help identify the most efficient, cost
effective, and environmentally friendly
combination of options, especially when
planning new products, new or changed
waste management practices, or facility
expansions.

Figure 1. Waste Management Hierarchy
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LLaanndd  aapppplliiccaattiioonn  ooff  wwaassttee may be a pre-
ferred waste management option because
land application units can manage wastes
with high liquid content, achieve biodegra-
dation, and improve soils with the organic
material in the waste. Concentrations of
constituents may limit the ability to take
full advantage of land application. Reducing
the concentrations of constituents in the
waste before it is generated or treating the
waste prior to land application can provide
the flexibility to use land application and
ensure that the practice will be protective of
human health and the environment and
limit future liabilities.

The Pollution Prevention Act of 1990 estab-
lished a national policy to first, prevent or
reduce waste at the point of generation; sec-
ond, recycle or reuse waste materials; third,
treat waste; and finally, dispose of remaining
waste in an environmentally protective man-
ner (see Figure 1). Some states and many local
governments have adopted similar policies,
often with more specific and measurable goals.
Over the past 10 years, interest in all aspects
of pollution prevention, recycling, and treat-
ment has blossomed, and governments, busi-
nesses, academic and research institutions,
and individual citizens have dedicated greater
resources to it. Many industries are adapting
pollution prevention, recycling, and treatment
practices to fit their individual operations.
Pollution prevention, recycling, and treatment
can be successful when flexible problem-solv-
ing approaches and solutions are implement-
ed. These steps will be successful when they
fit into business and environmental goals.

I. Benefits of 
Pollution 
Prevention, 
Recycling, and 
Treatment

Pollution prevention, recycling, and treat-
ment activities benefit industry, states, and the
public by protecting the environment and
reducing health risks, and also provide busi-
nesses with financial and strategic benefits.

CCoosstt  ssaavviinnggss.. Many pollution prevention
activities make
industrial process-
es and equipment
more resource-effi-
cient. This
increased produc-
tion efficiency
saves raw material
and labor costs,
lowers mainte-
nance costs due to
newer equipment,
and lowers over-
sight costs due to
process simplifica-
tion. When planning pollution prevention
activities, consider the cost of the initial invest-
ment for audits, equipment, and labor. This
cost will vary depending on the size and com-
plexity of waste reduction activities. In addi-
tion, consider the payback time for the invest-
ment. Adjust pollution prevention activities to
maximize cost savings and environmental and
health benefits. Lastly, by reducing the volume
and toxicity of waste, treatment activities pro-
vide savings through lower disposal costs.

SSiimmpplleerr  ddeessiiggnn  aanndd  ooppeerraattiinngg  ccoonnddiittiioonnss
aanndd  rreedduucceedd  rreegguullaattoorryy  oobblliiggaattiioonnss..  Reducing
the risks associated with wastes may allow
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wastes to be managed under less stringent
design and operating conditions or use of
other lower-cost management practices. For
example, the chapter on assessing ground-
water risks may determine that a waste stream
requires a composite liner. The assessment also
might imply that by implementing a pollution
prevention activity that lowered the concentra-
tions of one or two problematic waste con-
stituents in that waste stream, only a compact-
ed clay liner may be necessary. When the risks
associated with waste disposal are reduced, the
long-term costs of closure and post-closure
care may also be reduced.

IImmpprroovveedd  wwoorrkkeerr  ssaaffeettyy..  Processes involving
less toxic and less
physically dangerous
(such as corrosive)
materials can
improve worker safe-
ty by reducing work-
related injuries and
illnesses. In addition
to strengthening
morale, improved
worker safety also
reduces health-relat-
ed costs from lost
work days, health

insurance, and disability payments.

LLoowweerr  lliiaabbiilliittyy..  A well-operated unit mini-
mizes releases, accidents, and unsafe waste-
handling practices. Reducing the volume and
toxicity of waste decreases the impact of these
events if they occur. Reducing potential liabili-
ties, decreases the likelihood of litigation and
cleanup costs.

HHiigghheerr  pprroodduucctt  qquuaalliittyy.. Many corporations
have found that higher product quality results
from some pollution prevention efforts. A sig-
nificant part of waste in some operations con-
sists of products that fail quality inspections,
so minimizing waste in those cases is inextri-
cably linked with process changes that

improve quality. Often, managers do not real-
ize how easy or technically feasible such
changes are until the drive for waste reduction
leads to exploration of the possibilities.

BBuuiillddiinngg  ccoommmmuunniittyy  rreellaattiioonnss.. Honesty and
openness can strengthen credibility between
industries, communities and regulatory agen-
cies. If implementing a pollution prevention
program, make people aware of it.
Environmental protection and economic
growth can be compatible objectives.
Additionally, dialogue among all parties in the
development of pollution prevention plans can
help identify and address concerns.

II. Implementing 
Pollution 
Prevention, 
Recycling, and 
Treatment

When it comes to pollution prevention,
recycling, and treatment consider a combina-
tion of options that best fits a facility and its
products. There are a number of steps com-
mon to any facility wide pollution prevention,
recycling, and treatment effort. An essential
starting point is to make a clear commitment
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to pollution prevention, recycling, and treat-
ment opportunities. Seek the participation of
interested partners, develop a policy state-
ment committing the industrial operation to
pollution prevention, recycling, and treat-
ment, and organize a team to take responsi-
bility for it. As a next step, conduct a thor-
ough pollution prevention opportunity
assessment. Such an assessment will help set
priorities according to which options are the
most promising. Another feature common to
many pollution prevention programs is some
means of measuring the program's progress
and make any necessary adjustments.

The core of a program is the actual pollu-
tion prevention, recycling, and treatment
practices implemented. The following sec-
tions give a brief overview of source reduc-
tion, recycling, and treatment. To find out
more, contact some of the organizations listed
in the appendices to this chapter.

A. Source Reduction
Source reduction is the prevention or min-

imization of waste at the point of generation.
Some examples of source reduction activities
are: input materials modification, technology
modifications, in-process recycling, and vari-
ous good housekeeping measures.

IInnppuutt  mmaatteerriiaallss  mmooddiiffiiccaattiioonn..  One option
is to reformulate or
modify products
and processes to
incorporate materi-
als less likely to
produce higher-risk
wastes. Some of the
most common
practices include
eliminating metals
from inks, dyes,
and paints; refor-
mulating paints,

inks, and adhesives to eliminate synthetic
organic solvents; and replacing chemical-
based cleaning solvents with water-based or
citrus-based products. Purchasing raw materi-
als free from even trace quantities of contami-
nants, whenever possible, can also help
reduce waste at the source.

When substituting materials in an industri-
al processes, it is important to examine the
effect on the entire waste stream. Some
changes may shift contaminants to another
medium rather than actually reduce waste
generation. Switching from solvent-based to
water-based cleaners, for example, will
reduce solvent volume and disposal cost, but
is likely to dramatically increase wastewater
volume. Look at the impact of wastewater
generation on effluent limits and wastewater
treatment sludge production.

TTeecchhnnoollooggiiccaall  mmooddiiffiiccaattiioonnss..  Newer
process technologies often include better
waste reduction features than older ones. For
industrial processes that predate considera-
tion of waste and risk reduction, altering
these existing production procedures, adopt-
ing new procedures, or upgrading equipment
may reduce waste volume, toxicity, and man-
agement costs. Some examples include
redesigning equipment to cut losses during
batch changes or during cleaning and mainte-
nance, changing to mechanical cleaning
devices to avoid solvent use, and installing
more energy- and material-efficient equip-
ment. State technical assistance centers, trade
associations, and other organizations listed in
Appendices I through IV can help evaluate
the potential advantages and savings of such
improvements.

IInn--pprroocceessss  rreeccyycclliinngg  ((rreeuussee))..  In-process
recycling reuses materials, such as cutting
scraps, as inputs to the same process from
which they came, or uses them in other
processes or for other uses in the facility. This
furthers waste reduction goals by reducing
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the need for treatment or disposal and by
conserving energy and resources. A common
example of in-process recycling is reuse of
wastewater.

GGoooodd  hhoouusseekkeeeeppiinngg  pprroocceedduurreess..  Some of
the easiest and most cost-effective waste
reduction techniques to implement are sim-
ple improvements in housekeeping. Accidents
and spills generate avoidable disposal hazards
and expenses. They are less likely to occur in
clean, neatly organized facilities.

Good housekeeping techniques that reduce
the likelihood of accidents and spills include
training employees to manage waste and
materials properly; keeping aisles wide and
free of obstructions; clearly labeling contain-
ers with content, handling, storage, expira-
tion, and health and safety information; spac-
ing stored materials to allow easy access; sur-
rounding storage areas with containment
berms to control leaks or spills; and segregat-
ing stored materials to avoid cross-contami-
nation, mixing of incompatible materials, and
unwanted reactions. Proper employee train-
ing is crucial to implementing a successful
waste reduction program, especially one fea-
turing good housekeeping procedures. Case
study data indicate that effective employee
training programs can reduce waste disposal
volumes by 10 to 40 percent.

Regularly scheduled maintenance and plant
inspections are also useful. Maintenance helps

avoid the large cleanups and disposal opera-
tions that can result from equipment failure.
Routine maintenance also ensures that equip-
ment is operating at peak efficiency, saving
energy, time, and materials. Regularly sched-
uled or random unscheduled plant inspections
help identify potential problems before they
cause waste management problems. They also
help identify areas where improving the effi-
ciency of materials management and handling
practices is possible. If possible, plant inspec-
tions occasionally should be performed by
outside inspectors who are less familiar with
day-to-day plant operations. These inspectors
may notice areas for improvement that are
overlooked by employees accustomed to the
plant's routine practices.

Storing large volumes of raw materials
increases the risk of an accidental spill and
the likelihood that the materials will not be
used due to changes in production schedules,
new product formulations, or material degra-
dation. Many companies are forced to dispose
of materials whose expiration dates have
passed or that are no longer needed. Efficient
inventory control allows a facility to avoid
stocking materials in excess of its ability to
use them, thereby decreasing disposal volume
and cost. Furthermore, some companies have
successfully implemented "just-in-time" man-
ufacturing systems to avoid the costs and
risks associated with maintaining a large
onsite inventory. In a "just-in-time" manufac-
turing system, raw materials arrive as they are
needed and only minimal inventories are
maintained on site.

Segregating waste streams is another good
housekeeping procedure that enables a facili-
ty to avoid contaminating lower risk wastes
with hazardous constituents from another
source. Based on a waste characterization
study, it may be more efficient and cost-effec-
tive to manage wastes separately by recycling
some, and treating or disposing of others.
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1Freeman, Harry. 1995. Industrial Pollution Prevention Handbook. McGraw-Hill, Inc. p. 13.

Waste segregation can also help reduce the
risks associated with handling waste.
Separating waste streams may allow some
materials to be reused, resulting in additional
cost savings. Emerging markets for recovered
industrial waste materials are creating new
economic incentives to segregate waste
streams. Recovered materials are more attrac-
tive to potential buyers if it can be ensured
that they are not tainted with other waste
materials. If wastes from metal-finishing facil-
ities, for example, are segregated by type,
metal specific bearing sludge can be recov-
ered more economically and the segregated
solvents and waste oils can be recycled.

B. Recycling
Recycling involves collecting, processing,

and reusing waste materials. The following
discussion highlights a few of the ways to
begin this process.

MMaatteerriiaall  eexxcchhaannggee
pprrooggrraammss..  Many
regions and states
have established
material exchange
programs to facilitate
transactions between
waste generators and
industries that can use
wastes as raw materials. Material exchanges are
an effective and inexpensive way to find new
users and uses for a waste. Most are publicly
funded, nonprofit organizations, although
some charge a nominal fee to be listed with
them or to access their online databases. Some
actively work to promote exchanges between
generators and users, while others simply pub-
lish lists of generators, materials, and buyers.
Some waste exchanges also sponsor work-
shops and conferences to discuss waste-related
regulations and to exchange information. More
than 60 waste and material exchanges operate
in North America. Contact information for

some of these exchanges is provided in
Appendix III.

BBeenneeffiicciiaall  uussee..  Beneficial use involves sub-
stituting a waste material for another materi-
al with similar properties. Utility companies,
for example, often use coal combustion ash
as a construction material, road base, or soil
stabilizer. The ash replaces other, nonrecy-
cled materials, such as fill or Portland
cement, not only avoiding disposal costs but
also generating revenue. Other examples of
beneficial use include using wastewaters and
sludges as soil amendments (see the chapter
on designing a land application program)
and using foundry sand for asphalt, concrete,
and roadbed construction.

Many regulatory agencies require approval
of planned beneficial use activities and may
require testing of the materials to be reused.
Others may allow certain wastes to be desig-
nated for beneficial use, as long as the
required analyses is completed. Pennsylvania,
for example, allows application of a "coprod-
uct" designation to, and exemption from
waste regulations for, "materials which are
essentially equivalent to and used in place of
an intentionally manufactured product or
produced raw material and... [which present]
no greater risk to the public or the environ-
ment." Generally, regulatory agencies want to
ensure that any beneficially used materials are
free from significantly increased levels of con-
stituents that may pose a greater risk than the
materials they are replacing. Consult with the
state agency for criteria and regulations gov-
erning beneficial use.1

C. Treatment
Treating waste helps to reduce its volume

and/or toxicity prior to disposal. Treatment
can also make a waste amenable for reuse or
recycling. The range of treatment methods
from which to choose is as diverse as the
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range of wastes to be treated. More advanced
treatment will generally be more expensive,
but, by reducing the quantity and/or risk
level of the waste, costs might be reduced in
the long run. Savings could come from not
only lower disposal costs, but also lower clo-
sure and post-closure care costs. Conversely,
more basic treatment is usually less expensive
but may leave the final waste management
costs higher. Choose the treatment and post-
treatment waste management methods that
will minimize total cost and environmental
impact. Also, be sure to properly manage any
treatment residuals, such as sludges, which
are wastes themselves. The organizations list-
ed in the appendices may be able to assist in
identifying treatment options.

III. Where to Find 
Out More: 
Technical 
and Financial 
Assistance

There is a wealth of information available
to help integrate pollution prevention, recy-
cling, and treatment into an operation. As a
starting point, lists of technical and financial
resources that identify some of the main
places to turn to for assistance are included in
the appendices. Use the Internet as a source
of background information on the various
resources to help narrow the search for assis-
tance. Eventually, a network of contacts to
support all the various technical needs can be
built. Waste reduction information and tech-
nologies are constantly changing. To follow
new developments, maintain technical and
financial contacts and use the resources even
after beginning waste reduction activities.

Where can assistance be
obtained?

Several types of organizations offer assis-
tance. These include offices in regulatory
agencies, university departments, nonprofit
foundations, and trade associations.
Additionally, the National Institute of
Standards and Technology (NIST)
Manufacturing Extension Partnerships
(MEPs) also provide waste reduction informa-
tion. Look for waste reduction staff within the
media programs (air, water, solid/hazardous
waste) of regulatory agencies or in the state
commissioner's office, special projects divi-
sion, or pollution prevention division. Some
states also provide technical assistance for
waste reduction activities, such as recycling,
through a business advocate or small business
technical assistance program.

The listings in the accompanying appen-
dices identify some primary sources for tech-
nical assistance but are far from exhaustive.
There are many additional organizations that
offer waste reduction/pollution prevention
assistance on regional, state, and local levels.
Some of the organizations listed by state may
be able to help contact these other organiza-
tions. To help locate the organizations in a
state or those most relevant to an industry,
the listings are divided into four appendices.
Once started, the list of potential contacts can
be quickly expand.
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■■ AAppppeennddiixx  II::  SSttaattee  TTeecchhnniiccaall  
AAssssiissttaannccee  OOrrggaanniizzaattiioonnss.. Regulatory 
and nonregulatory organizations 
offering various forms of technical 
assistance within each state.

■■ AAppppeennddiixx  IIII::  TTrraaddee  AAssssoocciiaattiioonnss..  
Trade associations that can give 
more industry- or material-specific 
technical assistance resources.

■■ AAppppeennddiixx  IIIIII::  NNoorrtthh  AAmmeerriiccaann  
MMaatteerriiaall  EExxcchhaannggee  PPrrooggrraammss..  A 
sampling of material exchange pro-
grams across North America.

■■ AAppppeennddiixx  IIVV::  PPuubblliiccaattiioonnss,,  OOnnlliinnee  
RReessoouurrcceess,,  aanndd  SSooffttwwaarree..  An 
overview of places to find general
information about waste reduction 
options.

As contact information inevitably changes
with time, check the local telephone listings
or investigate online resources, such as The
National Pollution Prevention Roundtable's
directory, The Pollution Prevention Yellow Pages
<<wwwwww..pp22..oorrgg//nnpppprr__yyppss..hhttmmll>>, if trying to
contact an organization that is no longer
available at the number listed.

What types of technical 
assistance are available?

Many state and local governments have
technical assistance programs that are sepa-
rate from regulatory offices. In addition, non-
governmental organizations implement a
wide range of activities to educate businesses
about the value of waste reduction. These
efforts range from providing onsite technical
assistance and sharing industry-specific expe-
riences to conducting research and develop-
ing education and outreach materials on
waste reduction topics. The following exam-
ples illustrate what services are available: 

■■ NNIISSTT  tteecchhnniiccaall  cceenntteerrss..  There are 
NIST-sponsored Manufacturing 
Technology Centers throughout the 
country as part of the grassroots 
Manufacturing Extension 
Partnership (MEP) program. The 
MEP program helps small and 
medium-sized companies adopt new 
waste reduction technologies by pro-
viding technical information, financ-
ing, training, and other services. The 
NIST web site <<wwwwww..nniisstt..ggoovv>>
offers a page that can help find the 
nearest center.

■■ TTrraaddee  aassssoocciiaattiioonnss.. Trade associa-
tions provide industry-specific 
assistance through publications, 
workshops, field research, and 
consulting services.

■■ OOnnssiittee  tteecchhnniiccaall  aassssiissttaannccee  aauuddiittss..  
These audits are for small (and 
sometimes larger) businesses. The 
assessments, which take place out-
side of the regulatory environment 
and on a strictly voluntary basis, 
provide businesses with information 
on how to save money, increase 
efficiency, and improve community 
relations.

■■ IInnffoorrmmaattiioonn  cclleeaarriinngghhoouusseess..  Many 
organizations maintain repositories 
of waste reduction information and 
serve as starting points to help 
businesses access this information.

■■ FFaacciilliittyy  ppllaannnniinngg  aassssiissttaannccee..  A num-
ber of organizations can help 
businesses develop, review, or evalu-
ate facility waste reduction plans. 

State waste reduction programs frequently
prepare model plans can implement to mini-
mize waste. 
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■■ RReesseeaarrcchh  aanndd  ccoollllaabboorraattiivvee  pprroojjeeccttss..  
Academic institutions, state agencies and 
other organizations frequently participate 
in research and collaborative projects 
with industry to foster development of 
waste reduction technologies and man-
agement strategies. Laboratory and 
field research activities include studies, 
surveys, database development, data 
collection, and analysis.

■■ HHoottlliinneess..  Some states operate tele-
phone assistance services to provide 
technical waste reduction informa-
tion to industry and the general 
public. Hotline staff typically answer 
questions, provide referrals, and 
distribute printed technical materials 
on request.

■■ CCoommppuutteerr  sseeaarrcchheess  aanndd  tthhee  IInntteerrnneett. 
The Internet brings many 
pollution prevention resources to a 
user’s fingertips. The wide range of 
resources available electronically can 
provide information about inno-
vative waste-reducing technologies, 
efficient industrial processes, current 
state and federal regulations, and 
many other pertinent topics. 
Independent searches can be done 
on the Internet, and some states 
perform computer searches to pro-
vide industry with information 
about waste reduction. EPA and 
many state agencies have web sites 
dedicated to these topics, with case 
studies, technical explanations, 
legal information, and links to other 
sites for more information.

■■ WWoorrkksshhooppss,,  sseemmiinnaarrss,,  aanndd  ttrraaiinniinngg..  State
agencies, trade associations, and other 
organizations conduct workshops, semi-
nars, and technical training on waste 
reduction. These events provide informa-
tion, identify resources, and facilitate net
working.

■■ Grants and loans. A number of 
states distribute funds to indepen-
dent groups that conduct waste 
reduction activities. These groups 
often use such support to fund 
research and to run demonstration 
and pilot projects.
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■■■■ Make waste management decisions by considering the priorities full range of 
options—first, source reduction; second, reuse and recycling; third, treatment; last, 
disposal.

■■■■ Explore the cost savings and other benefits available through activities that integrate 
pollution prevention, recycling, and treatment.

■■■■ Develop a waste reduction policy.

■■■■ Conduct a pollution prevention opportunity assessment of facility processes.

■■■■ Research potential pollution prevention, recycling, and treatment activities.

■■■■ Consult with public and private agencies and organizations providing technical and 
financial assistance for pollution prevention, recycling, and treatment activities.

■■■■ Plan and implement activities that integrate pollution prevention, recycling, and 
treatment.

Action Items for Integrating Pollution
Prevention, Recycling, and Treatment
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M
any hydrologic and geologic
settings can be effectively uti-
lized for protective waste
management. There are,
however, some hydrologic

and geologic conditions that are best avoided
all together if possible. If they cannot be
avoided, special design and construction pre-
cautions can minimize risks. Floodplains,
earthquake zones, unstable soils, and areas at
risk for subsurface movement need to be
taken into account just as they would be in

siting and constructing a manufacturing plant
or home. Catastrophic events associated with
these locations could seriously damage or
destroy a unit, release contaminants into the
environment, and add substantial expenses
for cleanup, repair or reconstruction. If prob-
lematic site conditions cannot be avoided,
engineering design and construction tech-
niques can address some of the concerns
raised by these locations.

Many state, local, and tribal governments
require buffer zones between waste manage-
ment units and other nearby land uses. Even
if buffer zones are not required, they can still
provide benefits now and in the future. Buffer
zones provide time and space to contain and
remedy accidental releases before they reach
sensitive environments or sensitive popula-
tions. Buffer zones also help maintain good
community relations by reducing disruptions
associated with noise, traffic, and wind-blown
dust, often the source of serious neighbor-
hood concerns.

In considering impacts on the surrounding
community, it is important to understand
whether the community, especially those with
large minority and low income populations,

Considering the Site
Become familiar with environmental, geological, and manmade fea-
tures that influence siting decisions. Identify nearby areas or land
uses that merit buffer zones, and place the unit an appropriate dis-
tance from them. Comply with land use and zoning restrictions.
Understand existing environmental justice issues when considering
a new site. Avoid siting units in problem areas, or design units to
address conditions in those areas. 

This chapter will help address the 
following questions:

• What types of sites need special 
consideration?

• How is it determined if a unit is in an 
area requiring special consideration?

• What issues are associated with siting a 
waste management unit in such areas?

• What actions can be taken if a unit is 
planned in these areas?
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already face significant environmental impacts
from existing industrial activities. Understand a
community's current environmental problems
and work together to develop plans that can
improve and benefit the environment, the com-
munity, the state, and the company.

How should a unit site 
assessment begin?

In considering whether to laterally expand a
unit or site a new unit, certain factors influence
prospective sites. These factors include land
availability, distance from waste generation
points, ease of access, local climatic conditions,
economics, environmental considerations, local
zoning requirements, and community impacts.
As prospective sites are identified, become
familiar with the siting concerns raised in this
chapter, and determine how to address them at
each site to minimize a unit's adverse impacts
on the environment and the environment's
adverse impacts on the unit. Choose the site
that best balances efficient protection of human
health and the environment with meeting oper-
ational goals. In addition to issues raised in this
chapter, check with state and local regulatory
agencies early in the siting process to identify
applicable restrictions.

I. General Siting 
Considerations

Examining the topography of a site is the first
step in siting a unit. To obtain topographic infor-
mation, contact the U.S. Geological Survey
(USGS), the Natural Resources Conservation
Service (NRCS)1, the state's geological survey or
agency (see Appendix I), or local colleges and
universities. Remote sensing data or maps from
these organizations can help determine whether a
prospective site is located in any of the areas of
concern discussed in this section. USGS maps

can be downloaded and ordered from their web
page at <<mmaappppiinngg..uussggss..ggoovv>>. The University of
Missouri-Rolla maintains a current list of State
Geological Surveys on their web page at
<<wwwwww..uummrr..eedduu//~~lliibbrraarryy//ggeeooll//ggeeoollooffff..hhttmm>>..  

A. Floodplains
A floodplain is a relatively flat, lowland area

adjoining inland and coastal waters. The 100-
year floodplain—the area susceptible to inun-
dation during a large magnitude flood with a
1 percent chance of recurring in any given
year—is usually the floodplain of concern for
waste management units. Determine whether
a candidate site is in a 100-year floodplain.
Siting a unit in a 100-year floodplain increases
the likelihood of floods inundating a surface
impoundment or land application unit,
increases the potential to damage liner and
support components of a landfill or waste
pile, and presents operational concerns. This,
in turn, creates environmental and human
health and safety concerns, as well as legal lia-
bilities. It also can be very costly to build a
unit to withstand a 100-year flood without
washout of waste or damage to the unit, or to
reconstruct a unit after such a flood. Further,

1This agency of the U.S. Department of Agriculture was formerly known as the Soil Conservation Service (SCS).

Flood waters overflowed from the
Mississippi River (center) into its floodplain
(foreground) at Quincy, Illinois in the 1993
floods that exceeded 100-year levels in some
parts of the Midwest.
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locating a unit in a floodplain may exacerbate
the damaging effects of a flood, both
upstream and downstream, by reducing the
temporary water storage capacity of the
floodplain. As such, potential sites located
outside the 100-year floodplain are preferable

How is it determined if a
prospective site is in a 100-year
floodplain?

The first step in determining whether a

prospective site is
located in a 100-
year floodplain is to
consult with the
Federal Emergency
Management
Agency (FEMA).
FEMA has prepared
temporary flood
hazard boundary
maps for most
regions. If a
prospective site
does not appear to
be located in a
floodplain, future
exploration is not
necessary. If uncer-
tainty exists as to
whether the
prospective site may
be in a floodplain,
several sources of
information are
available to help
make this determi-
nation. More
detailed flood insur-
ance rate maps
(FIRMs) can be
obtained from
FEMA that classify

areas into three classes: A, B, and C. Class A
zones are the most susceptible to flooding
while Class C zones are the least susceptible.
FIRMs may be obtained from FEMA's web
page at <<wwwwww..ffeemmaa..ggoovv//mmsscc//hhaarrddccooppyy..hhttmm>>.

Additional information can be found on
flood insurance rate maps in FEMA's publica-
tion How to Read a Flood Insurance Rate Map
(see <<wwwwww..ffeemmaa..ggoovv//NNFFIIPP//rreeaaddmmaapp..hhttmm>>)).
FEMA also publishes The National Flood
Insurance Program Community Status Book,
which lists communities with flood insurance
rate maps or floodway maps. Floodplain maps

FEMA provides flood maps like this one for most floodplains
Source: FEMA, Q3 Flood Data Users Guide <www.fema.gov/msc>.
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can also be obtained through the U.S. Army
Corps of Engineers (COE); USGS; NRCS; the
Bureau of Land Management; the Tennessee
Valley Authority; and state, local, and tribal
agencies.2

Note that river channels shown in flood-
plain maps may have changed due to
hydropower or flood control projects. As a
result, some floodplain boundaries may be
inaccurate. If this is suspected to be the case,
consult recent aerial photographs to determine
how river channels have been modified.

If maps can not be located, and a potential
site is suspected to be located in a floodplain,
conduct a field study to delineate the floodplain
and determine the floodplain's properties. A
delineation can draw on meteorological records
and physiographic information, such as existing
and planned watershed land use, topography,
soils and geographic mapping, and aerial photo-
graphic interpretation of land forms.
Additionally, use the U.S. Water Resource
Council's methods of determining flood poten-
tial based on stream gauge records, or estimate
the peak discharge to approximate the probabili-
ty of exceeding the 100-year flood.

What can be done if a prospec-
tive site is in a floodplain?

If siting a waste management unit in a flood-
plain, design the unit to prevent the washout
of waste, avoid significant alteration of flood
flow, and maintain the temporary storage
capacity of the floodplain. Use engineering
models to estimate a floodplain's storage
capacity and floodwater flow velocity. The
COE Hydrologic Engineering Center has
developed several computer models for simu-
lating flood properties.3 The models can
account for a waste management unit placed
in a floodplain and can also simulate flood
control structures and sediment transport. If a

computer model calculates that placement of
the waste management unit in the floodplain
raises the base flood level by more than 1 foot,
the unit may alter the storage capacity of the
floodplain. If designing a new unit, site it to
minimize these effects. The impact of a unit's
location on the speed and flow of flood waters
determines the likelihood of waste washout.
To quantify this, estimate the shear stress on
the unit's components caused by the imping-
ing flood waters at the depth, velocity, and
duration associated with the peak, or highest,
flow period of the flood.

Several available options can protect a waste
management unit from flood damage and
washout.

■■ Design embankments using materi-
als such as riprap—rock cover used 

Knowing the behavior of waters at their
peak flood level is important for determin-
ing whether waste will wash out.

2Copies of flood maps from FEMA are available at Map Service Center, P.O. Box 1038, Jessup, MD
20794-1038, or by phone 800 358-9616 or the Internet at <<wwwwww..ffeemmaa..ggoovv//nnffiipp//rreeaaddmmaapp..hhttmm>>.

3The HEC-1, HEC-2, HEC-5, and HEC-6 software packages are available free of charge through the COE
World Wide Web site, <<wwwwww..wwrrcc--hheecc..uussaaccee..aarrmmyy..mmiill//ssooffttwwaarree//ssooffttwwaarree..hhttmmll>>..
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to protect soil in dikes or channels 
from erosion—and/or geotextiles to 
minimize erosion.

■■ Construct dikes to serve as barrier 
walls to protect the disposal area. 
This is especially important in the 
case of surface impoundments.

■■ Consider erosion control methods, 
such as gabions—structures formed 
from crushed rock encased in wire 
mesh—or paving bricks and mats 
constructed of natural or geosyn-
thetic materials. These materials can 
provide erosion protection and allow 
for vegetative growth.

While these methods may help protect a
unit from flood damage and washout, be
aware that they may further contribute to
decreasing the water storage and flow capaci-
ty of the floodplain. This, in turn, may raise
the level of flood waters not only in the area
but in upstream and downstream locations,
increasing the danger of flood damage and
adding to the cost of flood control programs.
Thus, serious consideration should be given
to not siting a waste management unit in a
100-year floodplain.

B. Wetlands
Wetlands, which include swamps, marshes,

and bogs, are vital and delicate ecosystems.
They are among the most productive biological
communities on earth and provide habitat for
many plants and animals, including approxi-
mately 45 percent of all endangered or threat-
ened species. Wetlands protect water quality by
assimilating water pollutants, removing sedi-
ments containing heavy metals, and recharging
ground-water supplies. Wetlands also prevent
potentially extensive and costly floods by tem-
porarily storing flood waters and reducing their
velocity. These areas also offer numerous recre-

ational opportunities.

Potential adverse impacts associated with
locating a unit in a wetland include dewatering
the wetland, contaminating the wetland, and
causing loss of wetland acreage. Damage also
could be done to important wetland ecosys-
tems by destroying their aesthetic qualities and
diminishing wildlife breeding and feeding
opportunities. Siting in a wetland also increases
the potential for damage to a unit, especially
the liner system and structural components, as
a result of ground settlement, action of the high
water table, and flooding. Alternatives to siting
a waste management unit in a wetland should
be given serious consideration based upon
Section 404 requirements in the Clean Water
Act (CWA) discussed below.

If a unit is to be sited in a wetland, the
unit will be subject to additional regulations.
In particular, CWA Section 404 authorizes
the Secretary of the Army, acting through the
Chief of Engineers (COE), to issue permits
for the discharge of dredged or fill material
into wetlands and other waters of the United
States.4 Activities in waters of the United
States regulated under this program include
fills for development, water resource projects,
infrastructure improvements, and conversion
of wetlands to uplands for farming and
forestry. Section 404 stipulates that no 
discharge of dredged or fill material can be

4 33 United States Code 1344.

For regulatory purposes under the Clean
Water Act, wetlands are defined as areas
“that are inundated or saturated by sur-
face or ground water at a frequency and
duration sufficient to support, and that
under normal circumstances do support,
a prevalence of vegetation typically adapt-
ed for life in saturated soil conditions.”

40 Code of Federal Regulations 
(CFR) 232.2(r)
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permitted if a practicable alternative exists
that is less damaging to the aquatic environ-
ment or if the nation's waters would be sig-
nificantly degraded. Therefore, in compliance
with the guidelines established under Section
404, all permit applicants must:

■■ Take steps to avoid wetland impacts 
where practicable;

■■ Minimize impacts to wetlands where 
they are unavoidable; and

■■ Compensate (offset) for any remaining, 
unavoidable impacts by restoring 
existing wetlands or creating new wet-

lands.

EPA and COE jointly administer a review
process to issue permits for regulated activities.
For projects with potentially significant
impacts, an individual permit is usually
required. For most discharges with only mini-
mal adverse effects, COE may allow applicants
to comply with existing general permits, which
are issued on a nationwide, regional, or
statewide basis for particular activity categories
as a means to expedite the permitting process.
In making permitting decisions, the agencies

will consider numerous other federal laws that
may restrict placement of waste management
units in wetlands. These include the
Endangered Species Act, the Migratory Bird
Conservation Act, the Coastal Zone
Management Act, the Wild and Scenic Rivers
Act, the Marine Protection, Research and
Sanctuaries Act, and the National Historic
Preservation Act.

How is it known if a prospective
site is in a wetland?

As a first step, determine if the prospec-
tive site meets the definition of a wetland. If
the prospective site does not appear to be a
wetland then no further exploration is neces-
sary. If it is uncertain whether the prospective
site is a wetland, then several sources are
available to help make this determination and
define the boundaries of the wetland.
Although this can be a challenging process, it
will help avoid future liability since filling a
wetland without the appropriate federal, state,
or local permit is a violation of the law. It may
be possible to learn the extent of wetlands

Riprap reduces stream channel erosion (left) and gabions help stabilize erodible slopes
(right).

Sources: U.S. Department of the Interior, Office of Surface Mining (left); The Construction Site—A Directory To
The Construction Industry, <www.constr.com> (right).

pt1chap4.qxd  11/13/98 3:09 PM  Page 6



GGeettttiinngg  SSttaarrtteedd——Considering the Site

4-7

5To contact NWI, write to National Wetlands Inventory, 9720 Executive Center Drive, Suite 101, Monroe
Building, St. Petersburg, FL 33702; or call 813 570-5412; or fax 813 570-5420. For additional informa-
tion online or to search for maps of an area, connect to <<wwwwww..nnwwii..ffwwss..ggoovv>>.

6In March 1995, COE proposed standards for a Wetlands Delineator Certification Program (WDCP).
Until these standards are finalized, there is no federal certification program. Once the WDCP standards
are implemented, use WDCP-certified wetland consultants.

7The 1987 manual can be obtained from NTIS (see References section below) or online at
<<wwwwww..wweess..aarrmmyy..mmiill//eell//wweettllaannddss//wwllppuubbss..hhttmmll>>.

without performing a new delineation, since
many wetlands have previously been mapped.
The first step, therefore, should be to deter-
mine whether wetland information is available
for the area. At the federal level, four agencies
are principally involved with wetlands identi-
fication and delineation: COE, EPA, the U.S.
Fish and Wildlife Service (FWS), and NRCS.
EPA also has a Wetlands Protection Hotline
(800 832-7828) and a wetlands web page at
<<wwwwww..eeppaa..ggoovv//oowwooww//wweettllaannddss>> which pro-
vides information about EPA's wetlands pro-
gram; facts about wetlands; the laws, regula-
tions, and guidance affecting wetlands; and
science, education, and information resources
for wetlands. The local offices of NRCS (in
agricultural areas) or COE (see Appendix II
for contact information) may know whether
wetlands in the vicinity of the potential site
have already been delineated. Additionally,
FWS maintains the National Wetlands
Inventory (NWI) Program5, from which wet-
lands mapping for much of the United States
is obtainable. This mapping, however, is
based on aerial photography, which is not reli-
able for specific field determinations. If a site

has recently been purchased, the previous
property owner may know whether any delin-
eation has been completed that may not be on
file with these agencies. Even if existing delin-
eation information for the site is found, it still
may be prudent to contact a qualified wet-
lands consultant to verify the wetland bound-
aries, especially if the delineation is not a field
determination or is more than a few years old.

If the existence of a wetland is uncertain,
obtain a wetlands delineation. This procedure
should be performed only by a qualified pro-
fessional wetlands delineator6 using standard
federal delineation procedures or applicable
state or local delineation standards. The delin-
eation procedure, with which to become famil-
iar with before hiring a delineator, involves col-
lecting maps, aerial photographs, plant data,
soil surveys, stream gauge data, land use data,
and other information. Delineation for Section
404 permitting purposes should be conducted
in accordance with the 1987 U.S. Army Corps
of Engineers Wetlands Delineation Manual.7

(HQUACE, 27 Aug. 91). The manual provides
guidelines and methods to determine whether
an area is a wetland for purposes of Section

Spruce bog (left) and Eco Pond in the Florida Everglades (right): different types of wetlands.
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404. The manual outlines a three-parameter
approach that determines the presence and
location of hydrophytic vegetation, wetland
hydrology, and hydric soils.

What can be done if a prospec-
tive site is in a wetland?

Before building a waste management unit
in a wetland area, consider whether the unit
can be located elsewhere. If an alternative
location can be identified, strongly consider
pursuing such an option. Section 404 of the
CWA requires this. As wetlands are important
ecosystems that should be protected, identify-
ing practicable alternatives to locating a unit
in a wetland area is a necessary step in the

siting process. Even if no viable alternative
locations are identified, it may be beneficial
to keep a record of investigated alternatives,
noting why they were not acceptable. Such
records may be useful during the interaction
between industries, states, and members of
the community.

If no alternatives are available, consult
with state and local governments about wet-
land permits. Most states operate permitting
programs under the CWA, and state authori-
ties can help navigate the permitting process.
To obtain a permit, the state might require an
operator to assess wetland impacts and then:

■■ Prevent contamination from leachate 
and run-off;

■■ Minimize dewatering effects;

NWI wetland resource maps like this one show the locations of various different types of wet-
lands and are available for many areas.
Source: NWI web site, sample GIS Think Tank maps page, <www.nwi.fws.gov/maps_tank.html>.
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8Information about ordering these maps is available by calling 800 USA-MAPS or 303 236-7477.

9The National Aerial Photographic Program and the National High Altitude Program, both administered
by USGS, are good national sources of aerial photographs for prospective sites. To order from USGS, call
605 594-6151. For more information, visit <<wwwwww..mmaappppiinngg..uussggss..ggoovv//eessiicc//aapphhoowwttoo..hhttmmll>>. Local aerial
photography firms and surveyors are also good sources.

■■ Compensate the loss of wetland 
acreage by creating new wetlands or 
restoring existing ones; and

■■ Protect the waste management unit 
against settling.

C. Active Fault Areas
Faults occur when stresses in a geologic

material exceed its ability to withstand them.
Areas surrounding faults are subject to earth-
quakes and ground failures, such as landslides
or soil liquefaction. Fault movement may
weaken or destroy structures directly, or seis-
mic activity associated with faulting may cause
damage to structures through vibrations. Any
damage to the waste management unit could
result in the release of contaminants. In addi-
tion, fault movement might create avenues to
ground-water supplies, increasing the risk of
ground-water contamination.

Liquefaction is another common problem
encountered in areas of seismic activity. The
vibrating motions caused by an earthquake
tend to rearrange the sand grains in soils. If the
grains are saturated, the saturated granular
material turns into a viscous fluid, a process
referred to as liquefaction. This diminishes the
bearing capacity of the soils and may lead to
foundation and slope failures.

To avoid these hazards, do not build or
expand a unit within 200 feet of an active
fault. If it is not possible to site a unit more
than 200 feet from an active fault, design the
unit to withstand the potential ground move-
ment associated with the fault area. A fault is
considered active if there has been movement
along the fault within the last 10,000 to
12,000 years.

How is it known if a prospective
site is in a fault area?

A series of USGS maps, Preliminary Young
Fault Maps, Miscellaneous Field Investigation
916, identifies active faults.8 These maps may
not be completely accurate due to recent
shifts in fault lines. If a prospective site is well
outside the 200 foot area of concern, no fault
area considerations would exist. If it is
unclear how close a prospective site is to an
active fault, more evaluation will be neces-
sary.  A geologic reconnaissance of the site
and surrounding areas may be useful in veri-
fying that the site is free of active faults.

If a prospective site is in an area known
or suspected to be prone to faulting, conduct
a fault characterization to determine if the site
is near a fault. A characterization includes
identifying linear features that suggest the
presence of faults within a 3,000-foot radius
of the site. Such features might be shown or
described on maps, aerial photographs,9 logs,
reports, scientific literature, or insurance
claim reports, or identified by a detailed field
reconnaissance of the area.

If the characterization study reveals faults
within 3,000 feet of the proposed unit, con-
duct further investigation to determine
whether any of the faults are active within
200 feet of the unit. This investigation may
involve drilling and trenching the subsurface
to locate fault zones and evidence of faulting.
Use perpendicular trenching on any fault
within 200 feet of the proposed unit to exam-
ine the seismic epicenter for indications of
recent movement.
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What can be done if a prospec-
tive site is in a fault area?

If an active fault exists on the site where
the unit is planned, consider placing the unit
200 feet back from the fault area. Even with
such setbacks, only place a unit in a fault area
if it is possible to ensure that no damage to
the unit's structural integrity would result. A
setback of less than 200 feet might be ade-
quate if ground movement would not damage
the unit.

If a lateral expansion or a new unit will
be located in an area susceptible to seismic
activity, there are two issues to consider: hori-
zontal accelerations and movements affecting
side slopes. Horizontal acceleration becomes
a concern when a location analysis reveals
that the site is in a zone of increased risk of
horizontal acceleration in the range of 0.1 g
to 0.75 g (g = acceleration of gravity). In
these zones, the unit design should incorpo-
rate measures to protect the unit from poten-
tial ground shifts. To address side slope con-
cerns, conduct a seismic stability analysis to
determine the most effective materials and
gradients for protecting the unit's slopes from
any seismic instabilities. Further, design the
unit to withstand the impact of vertical accel-
erations.

If an investigation reveals that a unit is in
an area susceptible to liquefaction, consider
ground improvement measures. These mea-
sures include grouting, dewatering, heavy
tamping, and/or excavation. See Table 1 for
examples of currently available techniques.

Further engineering options for fault
areas include the use of flexible pipes for run-
off and leachate collection and redundant
containment systems. In the event of founda-
tion soil collapse or heavy shifting, flexible
run-off and leachate collection pipes—along

with a bedding of gravel or permeable materi-
al—can absorb some of the shifting-related
stress to which the pipes may be subjected.
Consider also a secondary containment mea-
sure, such as an additional liner system. In
earthquake-like conditions, a redundancy of
this nature may be necessary to prevent cont-
amination of the surrounding area if the pri-
mary liner system fails.

D. Seismic Impact Zones
A seismic impact zone is an area having a

10 percent or greater probability that the
maximum horizontal acceleration caused by
an earthquake at the site will exceed 0.1 g in
250 years. This seismic activity may damage

In this aerial view, the best-known fault in the
U.S., the San Andreas, slices through the
Carrizo Plain east of San Luis Obispo, California.
Source: USGS
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Source: RCRA Subtitle D (258) Seismic Design Guidance for Municipal Solid Waste Landfill Facilities. EPA600-R-95-051

MMeetthhoodd PPrriinncciippllee MMoosstt  SSuuiittaabbllee  SSooiill AApppplliiccaattiioonnss
CCoonnddiittiioonnss//TTyyppeess

Blasting Shock waves and vibrations Saturated, clean sands; Induce liquefaction in controlled
cause limited liquefaction, partly saturated sands and limited stages and increase
displacement, remolding, and and silts after flooding. relative density to potentially 
settlement to higher density. nonliquefiable range.

Vibrocompaction Densification by vibration and Cohesionless soils with Induce liquefaction in controlled
compaction of backfill material less than 20 percent fines. and limited stages and increase 
of sand or gravel. relative densities to nonliquefi-

able condition. The dense col-
umn of backfill provides (a) vert-
ical support, (b) drainage to 
relieve pore water pressure, and 
(c) shear resistance in horizontal 
and inclined directions. Used to 
stabilize slopes and strengthen 
potential failure surfaces.

Compaction Densification by displacement of Loose sandy soils; partly Useful in soils with fines. Increases 
piles pile volume and by vibration saturated clayey soils; relative densities to nonliquefiable 

during driving, increase in lateral loess. range. Provides shear resistance in
effective earth pressure. horizontal and inclined directions.

Useful to stabilize slopes and 
strengthen potential failure surfaces.

Displacement and Highly viscous grout acts as radial All soils. Increase in soil relative density and
compaction grout hydraulic jack when pumped in horizontal effective stress. Reduce

under high pressure. liquefaction potential. Stabilize the 
ground against movement.

Mix-in-place Lime, cement, or asphalt intro- Sand, silts, clays, all soft or Slope stabilization by providing shear
piles and walls duced through rotating auger or loose inorganic soils. resistance in horizontal and inclined 

special in-place mixer. directions, which strengthens poten-
tial failure surfaces or slip circles. A 
wall could be used to confine an area 
of liquefiable soil.

Heavy tamping Repeated application of high Cohesionless soils best, Suitable for some soils with fines;
(dynamic -intensity impacts at surface. other types can also be usable above and below water. In
compaction) improved. cohesionless soils, induces liquefac-

tion in controlled and limited stages 
and increases relative density to 
potentially nonliquefiable range.

Table 1
Examples of Improvement Techniques for Liquefiable Soil Foundation Conditions
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leachate collection, detection, and removal
systems or other unit structures through
excessive bending, shearing, tension, and/or
compression. If a unit's components fail,
leachate may contaminate surrounding areas.
For safety reasons, therefore, it is recommend
that a unit not be located in a seismic impact
zone. If a unit must be sited in a seismic
impact zone, the unit should be designed to
withstand earthquake-related hazards, such
as landslides, slope failures, soil compaction,
ground subsidence, and soil liquefaction.

Additionally, if a unit is built in a seismic
impact zone, avoid rock and soil types that are
especially vulnerable to earthquake shocks.
These include very steep slopes of weak, frac-
tured, and brittle rock or unsaturated loess,
which are vulnerable to transient shocks
caused by tensional faulting. Avoid loess and
saturated sand as well, because seismic shocks
can liquefy them, causing sudden collapse of
structures. Similar effects are possible in sensi-
tive cohesive soils when natural moisture
exceeds the soil's liquid limit. (See the "Soil
Properties" section in the chapter on designing
and installing liners for a discussion of liquid
limits.) Earthquake-induced ground vibrations
can also compact loose granular soils. This
could result in large uniform or differential set-
tlements of the ground surface.

How is it known if a prospective
site is in a seismic impact zone?

If a prospective site is in an area with no
history of earthquakes, then seismic impact
zone considerations may be unnecessary. If it
is unclear whether the area has a history of
seismic activity, then further evaluation will
be necessary. As a first step, consult the USGS
field study map series MF-2120, Probabilistic

Earthquake Acceleration and Velocity Maps for
the United States and Puerto Rico.10 It provides
state- and county-specific information about
seismic impact zones. Additional information
is available from the USGS National
Earthquake Information Center (NEIC),11

which maintains a database of known earth-
quake and fault zones.

If a site is or may be in a seismic impact
zone, it also is useful to analyze the effects of
seismic activity on soils in and under a unit.
Computer software programs are available
that can evaluate soil liquefaction potential.
Liquefaction is the process by which soils
change from solid to liquid state due to
repeated shearing during or following an
earthquake. LIQUFAC, a software program
developed by the Naval Facilities Engineering
Command in Washington, DC, can calculate
safety factors for each soil layer in a given soil
profile and the corresponding one dimension-
al settlements due to earthquake loading.

What can be done if a prospective
site is in a seismic impact zone?

If a waste management unit cannot be
sited outside a seismic impact zone, structural
components of the unit—including liners,
leachate collection systems, and surface-water
control systems—should be designed to resist
the earthquake-related stresses expected in the
local soil. Consult professionals experienced
in seismic analysis and design to ensure that
the unit is designed appropriately. To deter-
mine the potential effects of seismic activity
on a structure, the seismic design specialist
should evaluate soil behavior with respect to
earthquake intensity. This evaluation should
account for soil strength, degree of com-
paction, sorting (organization of the soil 

10For information on ordering these maps, call 800 HELP-MAP; or write: USGS Information Services,
Box 25286, Denver, CO 80225; or fax 303 202-4693. On-line information is available at
<<wwwwww..mmaappppiinngg..uussggss..ggoovv//eessiicc//ttoo__oorrddeerr..hhttmmll>>..

11To contact NEIC, call 303 273-8500; or write: United States Geological Survey, National Earthquake
Information Center, Box 25046, DFC, MS 967, Denver, Colorado 80225; or fax 303 273-8450; or e-mail
sedas@gldfs.cr.usgs.gov. For on-line information, see <<wwwwww..nneeiicc..ccrr..uussggss..ggoovv>>..
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particles), and saturation, as well as peak
acceleration of the potential earthquake.

After an evaluation of soil behavior, choose
appropriate earthquake protection measures.
These might include shallower slopes, dike
and run-off control designs using conserva-
tive safety factors, and contingency plans or
backup systems for leachate collection should
the primary systems be disrupted. Unit com-
ponents should be able to withstand the
additional forces imposed by an earthquake
within acceptable margins of safety.

Additionally, well-compacted, cohesionless
embankments or reasonably flat slopes in
insensitive clay (clay that maintains its com-
pression strength when remolded) are less
likely to fail under moderate seismic shocks

(up to 0.15 g and 0.20 g). Embankments
made of insensitive, cohesive soils founded
on cohesive soils or rock may withstand even
greater seismic shocks. For earthen embank-
ments in seismic regions, consider designs
with internal drainage and core materials
resistant to fracturing. Prior to or during unit
construction in a seismic impact zone, 
evaluate excavation slope stability to deter-
mine the appropriate grade of slopes to mini-
mize potential slip.

For landfills and waste piles, use shallower
waste side slopes, as steep slopes are more
vulnerable to slides and collapse during
earthquakes. Use fill sequencing techniques
that avoid concentrating waste in one area of
the unit for an extended period of time. This

GGeettttiinngg  SSttaarrtteedd——Considering the Site

4-13

USGS seismic impact maps like this one show the likelihood of occurance of an seismic event with
a specified peak acceleration.
Source: USGS National Earthquake Information Center <www.neic.cr.usgs.gov>.
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prevents waste side slopes from becoming
too steep and unstable and alleviates differen-
tial loading of the foundation components.
Placing too much waste in one area of the
unit may lead to catastrophic shifting during
an earthquake or heavy seismic activity.
Shifting of this nature may cause failure of
crucial system components or of the unit in
general.

In addition, seismic impact zones have
design issues in common with fault areas,
especially concerning soil liquefaction and
earthquake-related stresses. To address lique-
faction, employ the soil improvement meth-
ods described in Table 1. Treating liquefiable
soils in the vicinity of the unit will improve
foundation stability and help prevent uneven
settling or possible collapse of heavily satu-
rated soils underneath or near the unit.

To protect against earthquake-related stress-
es, consider redundant liners and special
leachate collection and removal system com-
ponents, such as secondary liner systems,
composite liners, and leak detection systems
combined with a low permeability soil layer.
These measures function as backups to the
primary containment and collection systems
and provide a greater margin of safety for
units during possible seismic stresses.
Examples of special leachate systems include
high-strength, flexible materials for leachate
containment systems; geomembrane liner sys-
tems underlying leachate containment sys-
tems; and perforated polyvinyl chloride or
high-density polyethylene piping in a bed of
gravel or other permeable material.

E. Unstable Areas
Unstable areas are locations susceptible to

naturally occurring or human-induced events
or forces capable of impairing the integrity of
a waste management unit. Naturally occur-
ring unstable areas include regions with poor

soil foundations, regions susceptible to mass
movement, or regions containing karst ter-
rain, which may include hidden sinkholes.
Unstable areas caused by human activity may
include areas near cut or fill slopes, areas
with excessive drawdown of ground water,
and areas where significant quantities of oil
or natural gas have been extracted. Siting in
an unstable area may make monitoring a site
or performing remediation, if necessary,
impossible to do. Siting in an unstable area
should be avoided. If necessary, technical and
construction techniques should be consid-
ered to mitigate against potential damage.

The three primary types of failure that can
occur in an unstable area are settlement, loss of
bearing strength, and sinkhole collapse.
Settlement can result from soil compression if a
unit is, or will be, located in an unstable area
over a thick, extensive clay layer. The unit's
weight may force water from the compressible
clay, compacting it and allowing the unit to set-
tle. Settlement may increase as waste volume
increases and may result in structural failure of
the unit if it was not properly engineered.
Settlement beneath a waste management unit
should be assessed and compared to the elon-
gation strength and flexibility properties of the
liner and leachate collection pipe system. Even
small amounts of settlement can seriously
damage leachate collection piping and sumps.
Engineer a unit to minimize the impacts of set-
tlement if it is, or will be in an unstable area.

Loss of bearing strength is a failure mode
that occurs in soils that tend to expand and
rapidly settle or liquefy. Soil contractions and
expansions may increase the risk of leachate or
waste release. Another example of loss of bear-
ing strength occurs when excavation near the
unit reduces the mass of soil at the toe of the
slope, thereby reducing the overall strength
(resisting force) of the foundation soil.

Catastrophic collapse in the form of sink-
holes can occur in karst terrain. As water,
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especially acidic water, percolates through
limestone, the soluble carbonate material dis-
solves, leaving cavities and caverns. Land
overlying caverns can collapse suddenly,
resulting in sinkholes that can be more than
100 feet deep and 300 feet wide.

How is it known if a prospective
site is in an unstable area?

Before designing a waste management unit
on a prospective site whose stability has not
previously been assessed, a stability assessment
study should be conducted by a qualified pro-
fessional. The qualified professional should
assess natural conditions, such as soil geology
and geomorphology, as well as both surface
and subsurface human-induced features or
events that could cause differential ground set-
tlement. Naturally unstable conditions can
become more unpredictable and destructive if
amplified by human-induced changes to the
environment. If a unit is to be built at an
assessed site that exhibits stability problems,
tailor the design to account for any instability
detected. A stability assessment may include

the following steps:

SSccrreeeenn  ffoorr  eexxppaannssiivvee  ssooiillss.. Such soils may
lose their ability to support a foundation
when subjected to certain natural events,
such as heavy rain, or human-made
events, such as explosions. Expansive soils
usually are clay-rich and, because of their
molecular structure, tend to swell and
shrink by taking up and releasing water.
Such soils include smectite (montmoril-
lonite group) and vermiculite clays. In
addition, soils rich in white alkali (sodium
sulfate), anhydrite (calcium sulfate), or
pyrite (iron sulfide) also may swell as
water content increases. These soils are
more common in the arid western states.

CChheecckk  ffoorr  ssooiill  ssuubbssiiddeennccee..  Soils subject to
rapid subsidence include loesses, unconsoli-
dated clays, and wetland soils. Loess is a
wind-deposited, moisture-deficient silt that
tends to compact when wet. Unconsolidated
clays can undergo considerable compaction
when oil or water is removed. Similarly, wet-
land soils, which by their nature are water-
bearing, are also subject to subsidence when
water is withdrawn.

GGeettttiinngg  SSttaarrtteedd——Considering the Site

4-15

Sinkholes, like this one that occurred just north of Orlando, Florida in 1981, are a risk of
Karst terrain. Left: aerial view (note baseball diamond for scale); right: ground-level view.
Photos courtesy of City of Winter Park, Florida public relations office.
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LLooookk  ffoorr  aarreeaass
ssuubbjjeecctt  ttoo  mmaassss
mmoovveemmeenntt  oorr
sslliippppaaggee.. Such
areas are often
situated on
slopes and tend
to have rock or
soil conditions
conducive to
downhill sliding.
Examples of
mass movements
include
avalanches, land-
slides, and rock
slides. Some sites
may require cut-
ting or filling
slopes during

construction. Such activities may cause
existing soil or rock to slip.

SSeeaarrcchh  ffoorr  kkaarrsstt  tteerrrraaiinn.. Karst features are
areas containing soluble bedrock, such as
limestone or dolomite, that has been dis-
solved and eroded by water, leaving char-
acteristic physiographic features including
sinkholes, sinking streams, caves, large
springs, and blind valleys. These areas are
subject to extreme incidents of differential
settlement, including complete ground
collapse. Karst features also can hamper
detection and control of leachate, which
can move rapidly through hidden conduits
beneath the unit. Karst maps, such as
Engineering Aspects of Karst, Scale
1:7,500,000, Map No. 38077-AW-NA-
07M-00, produced by the USGS12 and
state specific geological maps can be
reviewed to identify karst areas.

SSccaann  ffoorr  eevviiddeennccee  ooff  eexxcceessssiivvee  ddrraawwddoowwnn
oorr  ooiill  aanndd  ggaass  eexxttrraaccttiioonn. Removing under-
ground water can increase the effective
overburden on the foundation soils under-

neath the unit. Excessive drawdown of
water might cause settlement or bearing
capacity failure on the foundation soils.
Extraction of oil or natural gas can have
similar effects.

IInnvveessttiiggaattee  tthhee  ggeeootteecchhnniiccaall  aanndd  ggeeoollooggiiccaall
cchhaarraacctteerriissttiiccss  ooff  tthhee  ssiittee.. It is important to
establish soil strengths and other engineer-
ing properties. A geotechnical engineering
consultant can accomplish this by per-
forming standard penetration tests, field
vane shear tests, and laboratory tests. This
information will determine how large a
unit can be placed safely on the site. Other
soil properties to examine include water
content, shear strength, plasticity, and
grain size distribution.

EExxaammiinnee  tthhee  lliiqquueeffaaccttiioonn  ppootteennttiiaall..  The liq-
uefaction potential of embankments, slopes,
and foundation soils must be determined.
Highly liquefiable soils are less conducive to
safe operation of a waste management unit.
Consult Section C above for more informa-
tion about liquefiable soils.

What can be done if a prospec-
tive site is in an unstable area?

It is advisable not to locate or expand a
waste management unit in an unstable area.
If a unit is, or will be located in such an area,
safeguard the structural integrity of the unit
by incorporating appropriate measures into
the design. If this is not done, the integrity of
the unit may be jeopardized. For example, to
safeguard the structural integrity of side
slopes in an unstable area, reduce slope
height, flatten slope angle, excavate a bench
in the upper portion of the slope, or buttress
slopes with compacted earth or rock fill.
Alternatively, build retaining structures, such
as retaining walls or slabs and piles. Other
approaches include geotextiles and geogrids
to provide additional strength, wick and toe
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12For information on ordering this map, call 800 USA-MAPS; or write: USGS Information Services, Box
25286, Denver, CO 80225; or fax 303 202-4693. On-line information is available at 
<<wwwwww--aattllaass..uussggss..ggoovv//aattllaassmmaapp..hhttmmll>>.
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Subsidence, slippage, 
and other kinds of slope
failure can damage 
structures.
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drains to relieve excess pore pressures, grout-
ing, and vacuum and wellpoint pumping to
lower ground-water levels. In addition, sur-
face drainage may be controlled to decrease
infiltration, thereby reducing the potential for
mud and debris slides.

Additional engineering concerns arise in
the case of waste management units in areas
containing karst terrain. The principal con-
cern with karst terrains is progressive or cata-
strophic subsurface failure due to the pres-
ence of sinkholes, solution cavities, and sub-
terranean caverns. The unpredictable and
sometimes catastrophic nature of subsidence
in these areas makes them difficult and
expensive to develop. Extensive subsurface
characterization studies should be completed
before designing and building in these areas.
Subsurface drilling, sinkhole monitoring, and
geophysical testing are direct means that can
be used to characterize a site. Geophysical
techniques include electromagnetic conduc-
tivity, seismic refraction, ground-penetrating
radar, and electrical resistivity. Use more than
one technique to confirm and correlate find-
ings and anomalies, and have a qualified geo-
physicist interpret the results of these explo-
rations.

Remote sensing techniques, such as aerial
photograph interpretation, can provide addi-
tional information on karst terrains. Surface
mapping can help provide an understanding
of structural patterns and relationships in
karst terrains. An understanding of local car-
bonate geology and stratigraphy can help
with the interpretation of both remote sens-
ing and geophysical data.

Incorporate adequate engineering controls
into any waste management unit located in
karst terrain. In areas where karst development
is minor, loose soils overlying the limestone
may be excavated or heavily compacted to
achieve the needed stability. Similarly, in areas
where the karst voids are relatively small, the

voids may be filled with slurry cement grout
or other material.

Engineering solutions can try to compen-
sate for the weak geologic structures by pro-
viding ground supports. For example, ground
modifications, such as grouting or reinforced
raft foundations, could compensate for a lack
of ground strength in some karst areas. Raft
constructions, which are floating foundations
consisting of a concrete footing extending
over a very large area, reduce and evenly dis-
tribute waste loads where soils have a low
bearing capacity or where soil conditions are
variable and erratic. Note, however, that raft
foundations may not always prevent the
extreme collapse and settlement that can
occur in karst areas. In addition, due to the
unpredictable and catastrophic nature of
ground failure in unstable areas, the construc-
tion of raft foundations and other ground
modifications tends to be complex and can be
costly, depending on the size of the area.

F. Airport Vicinities
The vicinity of an airport includes not only

the facility itself but also large reserved open
areas beyond the ends of runways. If a unit is
intended to be sited near an airport, be aware
of issues that take on added importance in
such areas and become familiar with Federal
Aviation Administration (FAA) regulations
and guidelines. The chief concern associated
with waste management units near airports is
the hazard posed to aircraft by birds, which
often feed at units managing putrescible
waste. Planes can lose propulsion when birds
are sucked into jet engines, and may sustain
other damage in collisions with birds.
Another area of concern for landfills and
waste piles near airports is the height of the
accumulated waste. In such situations, exer-
cise caution when managing waste in units
that are significantly above ground level.
Industrial waste management units that do
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not receive putrescible wastes should not
have a problem with birds.

How is it known if a prospective
site is in an airport vicinity?

If the prospective site is not located near
any airports, additional evaluation is not nec-
essary. If there is uncertainty whether the
prospective site is located near airports,
obtain local maps of the area using the
Internet or from the state and identify any
nearby public use airports. Topographic
maps available from USGS also provide a
suitable basis for determining airport loca-
tions. If necessary, FAA can provide informa-
tion on the location of all public-use airports.
In accordance with FAA guidance, if a new
unit or an expansion of an existing unit will
be within 5 miles of the end of a public-use
airport runway, the affected airport and the
regional FAA office should be notified to pro-
vide them an opportunity for review and
comment.

What can be done if a prospec-
tive site is in an airport vicinity?

If a unit is, or will be located within
10,000 feet of an airport used by jet aircraft
or within 5,000 feet of an airport used only
by piston-type aircraft, design and operate
the unit so it does not pose a bird hazard to
aircraft and, for above-ground units, does not
interfere with flight patterns. If it appears
that height may be a concern, consider
entrenching the unit or choosing a site out-
side the airport's flight patterns. The types of
waste handled at most nonhazardous indus-
trial units do not usually include attractive
food sources for birds, but if a unit handles
waste that may potentially attract birds, pre-
cautions should be taken to prevent birds
from becoming an aircraft hazard. Discourage

congregation of birds near a unit by prevent-
ing water from collecting on site; eliminating
or covering wastes that might serve as a food
source; constructing physical barriers, such
as a canopy of fine wires or nets strung
around the disposal and storage areas; using
visual deterrents, including realistic models
of the expected scavenger birds' natural
predators; employing sound deterrents, such
as cannon sounds, distress calls of scavenger
birds, or the sounds of the birds' natural
predators; or removing nesting and roosting
areas (unless such removal is prohibited by
the Endangered Species Act).

G. Wellhead Protection 
Areas

Wellhead protection involves sheltering
the ground-water resources that supply pub-
lic drinking water systems. A wellhead pro-
tection area (WHPA) is the area most suscep-
tible to contamination surrounding a well-
head. WHPAs are designated and often regu-
lated to prevent public drinking water
sources from becoming contaminated. The
technical definition, delineation, and regula-
tion of WHPAs vary from state to state.
Contact the state environmental agency to
determine what wellhead protection mea-
sures are in place near prospective sites.
Section II of this chapter provides examples
of how some states specify minimum allow-
able distances between waste management
units and public water supplies, as well as
drinking water wells. Locating a waste man-
agement unit in a WHPA can create a poten-
tial avenue for drinking water contamination
through accidental release of leachate, conta-
minated run-off, or waste.
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How is it known if a prospective
site is in a wellhead protection
area?

If the prospective site is not located near a
WHPA, further evaluation is not necessary. If
there is uncertainty regarding the proximity of
the prospective site to a WHPA, contact the
state environmental agency. A list of state well-
head protection program contacts is available
on EPA's web page at
<<wwwwww..eeppaa..ggoovv//ooggwwddww000000//wweellllnnee661166aa..hhttmmll>>,
and is included in Appendix III.  Also, USGS
and NRCS both can provide maps that help in
delineating WHPAs. For further expertise,
contact local water authorities, or universities. 

What can be done if a prospec-
tive site is in a wellhead 
protection area?

If a new unit or lateral expansion will be
located in a WHPA or suspected WHPA, con-
sider design modifications to help prevent
any ground-water contamination. For waste
management units placed in these areas,
work with state regulatory agencies to ensure
that appropriate ground-water barriers are
installed between the unit and the ground-
water table. These barriers should be
designed using materials of extremely low
permeability, such as geomembrane liners or
low permeability soil liners. The purpose of
such barriers is to prevent any waste, or
water that has percolated through the waste,
from reaching the ground water and possibly
affecting the public drinking water source.

In addition to ground-water barriers, con-
sider using leachate collection, leak detection,
and run-off control systems. Leachate conta-
mination is possibly the greatest threat to a
public ground-water supply posed by a waste

management unit. Incorporating leachate col-
lection, leak detection, and run-off control
systems should further minimize leachate
from escaping into the ground water.

Control systems that separate storm-water
run-on from any water that has contacted
waste should also be provided. Proper control
measures that redirect storm water to the
supply source area should help alleviate this
tendency.

II. Buffer Zone 
Considerations

Many states require buffer zones between
waste management units and other nearby
land uses, such as schools. The size of a
buffer zone often depends on the type of
waste management unit and the land use in
the surrounding areas. Consult with state reg-
ulatory agencies and local advisory boards
about buffer zones before constructing a new
unit or expanding an existing unit.

Buffer zones provide time and space to
mitigate situations where accidental releases
may cause adverse human health or environ-
mental impacts. These zones provide four
primary benefits: maintenance of quality of
the surrounding ground water, prevention of
contaminant migration off site, protection of
drinking water supplies, and minimization of
nuisance conditions perceived in surrounding
areas. The size of the buffer zone will be
directly related to the intended benefit.

Protecting ground water should be the
primary concern for all involved parties.
Ensure that materials processed and disposed
of at a unit are isolated from ground-water
resources. Placing a unit further from the
water table, and increasing the number of
physical barriers between the unit and the
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water table, improves ground-water protec-
tion. It is therefore advised that in addition to
incorporating a liner system into a waste
management unit's design, a site where an
adequate distance separates the bottom of a
unit from the water table should be selected
(see Appendix IV: State Buffer Zone
Considerations: Table 5 for a summary of the
most common minimum separation distances
between the bottom of a waste management
unit and the water table). In the event of a
release, this separation distance will allow for
dilution and natural attenuation to protect
ground water.13

Additionally, in the event of an unplanned
release, an adequate buffer zone will allow
time for remediation activities to control con-
taminants before they spread off site. It also
will provide additional protection for drink-
ing water supplies. Drinking water supplies

include ground water, individual and com-
munity wells, lakes, reservoirs, and munici-
pal water treatment facilities.

Finally, buffer zones help maintain good
relations with the surrounding community by
protecting surrounding areas from noise,
dust, and odor that may be associated with a
unit. Buffer zones also help prevent access by
unauthorized people. For units located near
property boundaries, houses, or historic
areas, evergreen trees or earthen berms can
provide a buffer to reduce noise and odors.
Planting trees around a unit can also improve
the aesthetics of a unit, obstruct any view of
unsightly waste, and help protect property
values in the surrounding community. 

A. Recommended Buffer 
Zones

Check with state and local officials to
determine what buffer zones may apply to
industrial waste management units.14

PPrrooppeerrttyy  bboouunnddaarriieess.. Waste management
units can present noise, odor, and dust
problems for residents or businesses locat-
ed on adjacent property, thereby diminish-
ing property values. Additionally, proximi-
ty to property boundaries can invite
increased trespassing, vandalism, and
scavenging.

DDrriinnkkiinngg  wwaatteerr  wweellllss,,  ssuurrffaaccee--wwaatteerr  bboodd--
iieess,,  aanndd  ppuubblliicc  wwaatteerr  ssuupppplliieess..  Locating a
unit near or within the recharge area, for
sole source aquifers and major aquifers,
coastal areas, surface-water bodies, or pub-
lic water supplies, such as a community
well or water treatment facility, also raises
concerns. Releases from a waste manage-
ment unit may pose serious threats to
human health not only where water is
used for drinking, but also where surface
waters are used for recreation.
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13Natural attenuation may be defined as chemical and biological processes that reduce contaminant con-
centrations.

14Appendix IV presents a summary of some state buffer zone recommendations.
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Many nearby areas and land uses, such as
schools, call for consideration of buffer zones.
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Contamination of surface waters also
threatens plants and animals and their
habitats.

HHoouusseess  oorr  bbuuiillddiinnggss.. To minimize adverse
effects on adjacent properties, consider
incorporating a buffer zone or separation
distance into unit design. Consider planting
trees or bushes to provide a natural buffer
between a unit and adjacent properties. 

B. Additional Buffer Zones
There are several other areas for which to

consider establishing buffer zones, including
critical habitats, park lands, public roads, and
historic or archaeological sites.

CCrriittiiccaall  hhaabbiittaattss.. These are geographical
areas occupied by endangered or threatened
species. These areas contain physical or bio-
logical features essential to the proliferation
of the species. When designing a unit near a
critical habitat, it is imperative that the criti-

cal habitat be conserved. A buffer zone can
help prevent the destruction or adverse
modification of a critical habitat and mini-
mize harm to endangered or threatened
species.15

PPaarrkkllaannddss..  A buffer between a unit and
park boundaries helps maintain the aes-
thetics of the park land. Park lands pro-
vide recreational opportunities and a nat-
ural refuge for wildlife. Locating a unit too
close to these areas can disrupt recreational
qualities and natural wildlife patterns.

PPuubblliicc  rrooaaddss..  A buffer zone will help
reduce unauthorized access to a unit,
reduce potential odor concerns, and
improve aesthetics for travelers on the
nearby road.

HHiissttoorriicc  oorr  aarrcchhaaeeoollooggiiccaall  ssiitteess.. A waste
management unit located in close proximi-
ty to one of these sites may adversely
impact the aesthetic quality of the site.
These areas include historic settlements,
battlegrounds, cemeteries, and Indian bur-
ial grounds. Check also whether a prospec-
tive site itself has historical or archaeologi-
cal significance.

GGeettttiinngg  SSttaarrtteedd——Considering the Site
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15For the full text of the Endangered Species Act, go to the U.S. House of Representatives Internet Law
Library at <<llaaww..hhoouussee..ggoovv//1166..hhttmm>>.

Buffer zones can help protect endangered
species and their habitats.

Historic sites call for careful consideration
of buffer zones.
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In summary, check with local authorities
to ensure that placement of a new waste man-
agement unit or lateral expansion of an exist-
ing unit will not conflict with any local buffer
zone criteria. Also, review any relevant state
regulations that may specify buffer zones for
industrial waste management units. For new
units or lateral expansions of existing units
located near any sensitive areas as described in
this section, consider measures to minimize
any possible health, environmental, and nui-
sance impacts.

III. Local Land Use 
and Zoning 
Considerations

In addition to location and buffer zone
considerations, become familiar with any
local land use and zoning requirements. Local
governments often classify the land within
their communities into areas, districts, or
zones. These zones represent different use
categories, such as residential, commercial,
industrial, or agricultural. Zoning protects
public health and safety, property values, and
development trends. Consider the compati-
bility of a unit with nearby existing and
future land use and contact local authorities
early in the siting process. Local planning,
zoning, or public works officials can discuss
the development of a unit, compliance with
local regulations, and available options. Local
authorities may impose conditions for pro-
tecting adjacent properties from potential
adverse impacts of unit.

Addressing local land use and zoning
issues during the siting process may prevent
these issues from becoming prominent con-
cerns later in the process. Land use and zon-
ing restrictions often address impacts on
community and recreational areas, historical
areas, and other critical areas. Consider the

proximity of a unit to such areas and evaluate
any potential adverse effects it may have on
these areas. For example, noise, dust, fumes,
and odors from construction and operation of
a unit could be considered a nuisance and
legal actions may be brought by local authori-
ties or nearby property owners.

In situations where land use and zoning
restrictions may cause difficulties in expand-
ing or siting a unit, work closely with local
authorities to learn about local land use and
zoning restrictions and minimize potential
problems. Misinterpreting or ignoring such
restrictions can cause complications with
intended development schedules or designs.
In many cases, the use of vegetation, fences,
or walls to screen activities may reduce
impacts on nearby properties. In addition, it
may be possible to request amendments,
rezonings, special exceptions, or variances to
restrictions. These administrative mechanisms
allow for flexibility in use and development
of land. Learning about local requirements as
early as possible in the process will maximize
the time available to apply for variances or
rezoning permits, or to incorporate screening
into the plans for a unit.

IV. Environmental 
Justice 
Considerations

In the past several years, there has been
growing recognition from communities and
federal and state governments that some
socioeconomic and racial groups may bear a
disproportionate burden of adverse environ-
mental effects from waste management activi-
ties. President Clinton issued Executive Order
12898, Federal Actions to Address
Environmental Justice in Minority Populations
and Low-Income Populations, on February 11,
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1994. To be consistent with the definition of
environmental justice in this executive order,
identify and address, as appropriate, dispro-
portionately high and adverse human health
or environmental effects of waste manage-
ment programs, policies, and activities on
minority populations and low-income popu-
lations.  

One of the criticisms made by advocates of
environmental justice is that local communi-
ties endure the potential health and safety
risks associated with waste management units
without enjoying any of the economic bene-
fits. During unit siting or expansions, address
environmental justice
concerns in a manner
that is most appropriate
for the operations, the
community, and the
state. Look for opportu-
nities to minimize envi-
ronmental impacts,
improve the surrounding
environment, and pur-
sue opportunities to
make the waste manage-
ment facility an asset to
the community. When
planning these opportunities, it is beneficial
to maintain a relationship with all involved
parties based on honesty and integrity, utilize
cross-cultural formats and exchanges, and
recognize industry, state, and local knowledge
of the issues. It is also important to take
advantage of all potential opportunities for
developing partnerships. 

Examples of activities that incorporate
environmental justice issues include tailoring
activities to specific needs; providing inter-
preters, if appropriate; providing multilingual
materials; and promoting the formation of a
community/state advisory panel. 

TTaaiilloorr  tthhee  ppuubblliicc  iinnvvoollvveemmeenntt  aaccttiivviittiieess  ttoo
tthhee  ssppeecciiffiicc  nneeeeddss..  Good public involve-

ment programs are site-specific—they take
into account the needs of the facility,
neighborhood, and state. There is no such
thing as a "one-size-fits-all" public involve-
ment program. Listening to each other
carefully will identify the specific environ-
mental justice concerns and determine the
involvement activities most appropriate to
address those needs.

PPrroovviiddee  iinntteerrpprreetteerrss  ffoorr  ppuubblliicc  mmeeeettiinnggss..
Interpreters can be used to ensure the
information is exchanged. Provide inter-
preters, as needed, for the hearing
impaired and for any languages, other than

English, spoken by
a significant per-
centage of the audi-
ence.

PPrroovviiddee  mmuullttiilliinngguuaall
ffaacctt  sshheeeettss  aanndd
ootthheerr  iinnffoorrmmaattiioonn..
Public notices and
fact sheets should
be distributed in as
many languages as
necessary to ensure
that all interested

parties receive necessary information. Fact
sheets should be available for the visually
impaired in the community on tape, in
large print, or braille.

PPrroommoottee  tthhee  ffoorrmmaattiioonn  ooff  aa
ccoommmmuunniittyy//ssttaattee  aaddvviissoorryy  ppaanneell  ttoo  sseerrvvee  aass
tthhee  vvooiiccee  ooff  tthhee  ccoommmmuunniittyy..  The Louisiana
Department of Environmental Quality, for
example, encourages the creation of envi-
ronmental justice panels comprised of
community members, industry, and state
representatives. The panels meet monthly
to discuss environmental justice issues and
find solutions to any concerns identified
by the group.

GGeettttiinngg  SSttaarrtteedd——Considering the Site
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GGeenneerraall  LLooccaattiioonn  CCoonnssiiddeerraattiioonnss

■■■■ Check to see if the proposed unit site is 

— In a 100-year floodplain;

— Near a wetland;

— Within 200 feet of an active fault;

— In a seismic impact zone;

— In an unstable area;

— Close to an airport; or

— Within a wellhead protection area.

■■■■ If the proposed unit site is in any of these areas,

— Attempt to site the unit elsewhere first; or

— Design the unit to account for the area's characteristics and mitigate the unit's

impacts on such areas.

BBuuffffeerr  ZZoonneess

(Many states require buffer zones between waste management units and other nearby land uses.)

■■■■ Check to see if the proposed unit site is near

— A property boundary;

— A drinking water well;

— A public water supply, such as a community well, reservoir, or water treatment

facility;

— A surface-water body, such as a lake, stream, river, or pond;

— Houses or other buildings;

— Critical habitats for endangered or threatened species;

— Park lands;

— A public road; or

— Historic or archaeological sites.

■■■■ If the proposed unit site is near any of these areas or land uses, determine how large a 
buffer zone, if any, is appropriate between the unit and the area or land use.

Considering the Site Action Items 
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LLooccaall  LLaanndd  UUssee  aanndd  ZZoonniinngg  RReessttrriiccttiioonnss

■■■■ Contact local planning, zoning, and/or public works agencies to discuss restrictions that may 
apply to the unit.

■■■■ Comply with any applicable restrictions, or obtain the necessary variances or exceptions.

EEnnvviirroonnmmeennttaall  JJuussttiiccee  IIssssuueess  

■■■■ Determine whether minority or low-income populations would bear a disproportionate burden of any 
environmental effects of the unit's waste management activities.

■■■■ Work with the community to devise strategies to minimize any potential disproportionate burdens.

Considering the Site Action Items (cont.)
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